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This  set  of  volumes  differs  from  those  printed  for  the 
second  edition  by  reason  of  the  fact  that  Volumes  JV  and  V, 
the  Tables  and  Formulas  and  Key  Volumes,  have  been 
placed  under  one  cover,  thus  making  four  volumes  in  the 
set  instead  of  five,  as  formerly.  Otherwise  there  are  no 
changes^  except  the  correction  of  a  few  typographical 
errors. 


PREFACE  TO  SECOND   EDITION. 


Owing  to  the  introduction  of  new  devices  and  new  aux- 
iliary machinery  and  chaTiges  in  the  Government  regulations 
regarding  the  construction  of  marine  boilers,  we  have  com- 
pletely revised  the  Marine  Engineering  Course  and  added 
considerable  new  matter  to  it  in  order  to  bring  it  up  to  date 
and  to  extend  its  scope.  With  the  changes  and  additions 
that  have  been  made,  the  volumes  form  the  most  complete 
and  up-to-date  treatise  on  the  subject  of  marine  engineering 
that  has  yet  appeared. 

The  subject  of  marine  engineering- proper  is  treated  in 
six  Papers.  All  the  matter  appearing  therein  has  been 
selected  with  special  reference  to  the  requirements  of  per- 
sons wishing  to  obtain  government  license  as  marine  engi- 
neers, or  desiring  a  higher-grade  license  for  ocean,  lake,  bay, 
sound,  and  river  steamers.  These  Papers  give  the  theo- 
retical knowledge  that  is  essential   in   order   to   pass   the 
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examination  for  any  grade  of  license  up  to  and  including 
that  for  chief  engineer  of  the  largest  ocean  steamers.  The 
Paper  on  The  Machinery  of  Western  River  Steamboats  is 
of  special  value  to  persons  engaged  on  the  steamboats  of 
the  Southern  and  Western  Rivers;  it  also  gives  to  those 
holding  license  for  ocean,  lake,  bay,  and  sound  steamers  the 
knowledge  that  is  essential  in  order  to  take  charge  of  the 
machinery  of  river  steamboats. 

A  knowledge  of  the  theory  and  practice  of  refrigeration 
is  becoming  imperative,  owing  to  the  rapidly  extending  use 
of  refrigerating  machines  on  ships;  for  this  reason,  a  chap- 
ter on  refrigeration  has  been  inserted.  The  information 
contained  in  this  chapter  will  enable  the  engineer  to  under- 
stand and  intelligently  direct  the  operation  of  refrigerating 
apparatus. 

The  purification  of  feed-water  being  a  subject  of  vital 
importance,  considerable  space  has  been  devoted  to  modern 
methods  of  purification,  the  neutralization  of  corrosive 
water,  and  the  testing  of  feed-water. 

With  the  exception  of  those  portions  that  were  revised, 
Volume  I  has  been  printed  from  the  same  plates  that  were 
used  in  the  first  edition. 

Volume  II,  on  the  contrary,  with  the  exception  of  the  two 
Papers  on  Steam  Engines,  has  been  printed  from  new 
plates.  As  marine  engineering  practice  is  rapidly  changing, 
we  have  thought  best  to  provide  for  future  revisions  by 
making  each  paper  and  part  independent  of  the  others  so 
far  as  article  numbers,  page  numbers,  figure  numbers,  etc., 
are  concerned.  To  accomplish  this  we  have  given  each 
paper  and  part  in  Volume  II  a  number.  This  number  has 
been  placed  at  the  top  of  each  page  on  the  headline,  oppo- 
site the  page  number,  and  to  distinguish  it  from  the  page 
number  it  is  preceded  by  the  printer's  section  mark  (|), 
The  object  to  be  attained  by  using  this  mark  is  to  make  the 
index  intelligible.  All  references  in  the  index  have  two 
numbers,  one  referring  to  the  section  and  the  other  to  the 
page,  consequently  a  reference  such  as  §  11,  page  14,  may 
be   readily  found   aa   follows:     Look  through   the  volume 
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along  the  inside  edges  of  the  headlines  until  §  11  is  found, 
then  look  through  g  11  until  page  14  is  found.  The  Exam- 
ination Questions  in  this  volume  have  been  arranged  in  the 
same  way.  They  have  been  given  the  same  section  num- 
bers as  the  Instruction  Papers  to  which  they  belong  and  are 
grouped  together  at  the  end  of  the  volume. 

The  volumes  for  this  course  are  four  in  number. 

Volume  I  contains  the  Instruction  and  Examination  Ques- 
tions on  Arithmetic,  Mensuration,  Mechanics,  and  Steam 
and  Steam  Boilers. 

Volume  II  (g§  9-n  and  §§  28-30)  contains  the  Instruc- 
tion and  Examination  Questions  on  Steam  Engines,  The 
Machinery  of  Western  River  Steamboats,  Recent  Develop- 
ments in  Marine  Engineering,  and  Dynamos  and  Motors, 

Volume  III  contains  the  plates  and  the  Instructions  for 
drawing  them.  It  forms  a  very  complete  course  in  Mechan- 
ical Drawing,  and  is  the  same  in  all  respects  as  in  the  first 
edition. 

Volume  IV  contains  the  principal  tables,  rules,  and  for- 
mulas that  occur  in  the  Instruction  Papers  of  Volumes  I 
and  II.  When  the  student  has  finished  his  Course  this 
volume  will  be  of  considerable  value  to  him.  The  tables 
and  also  the  rules  and  formulas  with  the  definitions  of  the 
letters  used  in  the  formulas  are  conveniently  arranged  for 
reference,  so  that  the  student  can  save  the  time  and  labor 
of  searching  for  them  in  the  Instruction  Papers.  This  vol- 
ume also  contains  the  answers  to  the  questions  and  the 
solutions  to  the  examples  in  the  Examination  Questions. 
International  Correspondbncb  Schools. 
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ARITHMETIC 


DEFINITIONS. 

1.  I  Arttfametlc  is  the  art  of  reckoning,  or  the  study  of 
numbers. 

2.  A  unit  is  one,  or  a  single,  thing,  as  one,  one  bolt,  one 
pulley,  one  dozen. 

3.  A  number  is  a  unit  or  a  collection  of  units,  as  one, 
three  engines,  five  boilers. 

4.  The  unit  of  a  number  is  one  of  the  collection  of 
units  which  constitutes  the  number.  Thus,  the  unit  of 
twelve  is  one,  of  twenty  dollars  is  one  dollar,  of  one  hundred 
bolts  is  one  bolt.    , 

5.  A  concrete  number  is  a  number  applied  to  some 
particular  kind  of  object  or  quantity,  as  three  grate  bars, 
five  dollars,  ten  pounds. 

S.  An  abstract  number  is  a  number  that  is  not  ap- 
plied to  any  object  or  quantity,  as  three,  five,  ten. 

7.  Like  numbers  are  numbers  which  express  units  of 
the  same  kind,  as  6  days  and  10  days,  1  feet  and  5  feet. 

S>  Unlike  numbers  are  numbers  which  express  units 
of  different  kinds,  as  ten  months  and  eight  miles,  seven 
wrenches  and  five  bolts.      

NOTATION   AND  NUMERATION. 

9.  Numbers  are  expressed  in  three  ways:  (1)  bywords; 
{%)  by. figures;  (3)  by  letters. 

lO*  Notation  is  the  art  of  expressing  numbers  by  fig- 
ures or  letters. 

11.  Numeration  is  the  art  of  reading  the  numbers 
which  have  been  expressed  by  figures  or  letters. 

For  noliec  of  copyrighl,  sea  piiRC  iminetl lately  fulli>winK  the  title  page. 
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S  ARITHMETIC. 

12>  The  Arabic  notation  is  the  method  of  expressing 
numbers  by  figures.  This  method  employs  tea  different 
fl^urea  to  represent  numbers,  viz. : 

Figures 

Names 


naugkl,    em      two     tkrt*    four     fivt       six     sartn  nfkt   t 

ciplur 


The  iirst  character  (0)  is  called  naugfat,  Glplier',or  sero, 
and,  when  standing  alone,  has  no  value. 

The  other  nine  figures  are  called  dlflts,  and  each  one 
has  a  value  of  its  own. 

Any  whole  number  is  called  an  Intecer. 

13*  As  there  are  only  ten  figures  used  in  expressing 
numbers,  each  y£/7<rf  must  express  a  different  value  at  differ- 
ent times. 

14.  The  value  of  a  figure  depends  upon  its  position  in 
relation  to  others. 

15*  Figures  have  simple  values  and  local  or  relative 
values.    . 

16.  The  simple  value  of  a  figure  i3«  the  value  it  ex- 
presses when  standing  alone. 

17.  The  local  or  relative  value  is  the  increased  value 
it  expresses  by  having  other  figures  placed  on  its  right. 

For  instance,  if  we  see  the  figure  6  standing  alone, 

thus 6 

we  consider  it  as  six  units,  or  simply  six. 

Place  another  6  to  the  left  of  it;  thus 66 

The  original  figure  is  still  six  units,  but  the  second 

one  is  ten  times  6,  or  6  tens. 

If  a  third  6  be  now  placed  still  one  place  further  to 

the  left,  it  is  increased  in  value  ten  times  more,  thus 

making  it  6  hundreds 666 

A  fourth  6  would  be  6  thousands 6666 

A  fifth  6  would  be  6  tens  of  thousands,  or  sixty 

thousand 66666 

A  sixth  6  would  be  6  hundreds  of  thousands  .     666666 

A  seventh  6  would  be  6  millions 6666666 

The  entire  line  of  seven  figures  is  read  six  millions,  six 

hundred  sixty-six  thousands,  six  hundred  sixty-six. 
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18*  The  Increased  value  of  each  of  these  figures  is  its 
local  or  relative  value.  Each  figure  is  ten  times  greater  in 
value  than  the  one  immediately  on  its  right. 

19.  The  cipher  (0)  has  no  value  itself,  but  it  is  useful  in 
determining  the  place  of  other  figures.  To  represent  the 
number  _/b»r  hundred Jive^  two  digits  only  are  necessary,  one 
to  represent  four  hundred,  and  the  other  to  represent  five 
units;  but  if  these  two  digits  are  placed  together,  as  45,  the 
4  (being  in  the  second  place)  will  mean  4  tens.  To  mean  4 
hundreds,  the  4  should  have  two  figures  on  its  right,  and  a 
cipher  is  therefore  inserted  in  the  place  usually  given  to  tens, 
to  show  that  the  number  is  composed  of  hundreds  and  units 
only,  and  that  there  are  no  tens.  Four  hundred  five  is  there- 
fore expressed  as  406.  If  the  number  were  four  thousand 
and  five,  two  ciphers  would  be  inserted;  thus,  4006,  If  it 
were  four  hundred  fifty,  it  would  have  the  cipher  at  the  right- 
hand  side  to  show  that  there  were  no  units,  and  only  //»«- 
dreds  and  tens  ;  thus,  450.  Four  thousand  and  fifty  would  be 
expressed  4050,  the  first  cipher  indicating  that  there  are  no 
'  hundreds  and  the  second  that  there  are  no  units. 

NoTB. — When  speaking  of  the  figures  of  a  number  by  referring  to 
them  as  first  figure,  second  figure,  etc.,  always  begin  to  count  at  the 
lefL  TbuB,  in  the  number  41,635,  4  is  the  first  figure.  6  the  third 
figure,  6  the  fifth  or  last  figure,  etc. 

20*  In  reading  figures,  it  is  usual  to  point  off  the  num- 
ber into  groups  of  three  figures  each,  beginning  with  the 
right-hand  or  unite  column,  a  comma  (,)  being  used  to 
point  oflf  these  groups. 
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la  poinling- c^  thest  figures,  begin  at  the  right-hand  figure 
and  count — uaits,  tens,  hundreds;  the  next  group  of  , three 
fig^ures  is  thousands,  therefore,  we  insert  a  comma  (,)  before 
beginning  with  them.  Beginning  at  the  figure  6,  we  say 
thousands,  tens  of  thousands,  hundreds  of  tliousands,  and  in- 
sert another  comma ;  we  next  read  millions,  (ens  of  millioHS, 
hundreds  of  millions,  and  insert  another  comma;  we  then 
read  billions,  tens  of  billions,  hundreds  of  billions. 

The  entire  line  of  figures  would  be  read.  Four  hundred 
thirty-two  billions,  one  hundred  ninety-eight  ■  millions,  seven 
hundred  sixty-five  (liousands.four  hundred  thirty-t-wo.  When 
we  thus  read  a  line  of  figures  it  is  called  .numeration,  and 
if  the  numeration  be  changed  back  to  figures,  it  is  called 
notation. 

For  instance,  the  writing  of  the  figures, 
72,584,623, 
vould  be  the  notation,  and  the  numeration  would  be 
seventy-two  millions,  five  hundred  eighty-four  tftousands,  six 
hundred  twenty-three. 

21.  Note.— It  is  customary  to  leave  the  s  off  the  words  millions, 
ihousands,  etc.,  in  cases  like  the  above,  both  in  speaking  and  writing; 
hence,  the  above  would  usually  be  eipresaed.  seventy-two  million,  five 
hundred  eighty-four  thousand,  six  hundred  twenty-three. 

22.  The  four  fundamental  processes  of  Arithmetic  are 
addition,  Bubtraction,  multiplication,  and  division. 

They  are  called  fundamental  processes,  because  all  opera- 
tions in  Arithmetic  are  based  upon  them. 


ADDITION. 

23.  Addition  is  the  process  oi  finding  tht  sum  of  two  or 
more  numbers.  The  sign  of  addition  is  +  .  It  is  read  plus, 
and  means  more.  Thus,  6  -|-  6  is  read  5  plus  6,  and  means 
that  6  and  6  are  to  be  added. 

24.  The  sign  of  equality  is  = ,  It  is  read  equals  or  is 
equal  to.     Thus,  5  +  6  =  11  may  be  read  5  plus  6  equals  11. 

25.  Lihe  numbers  can  be  added,  but  unlike  numbers  can- 
not. Thus,  6  dollars  can  be  added  to  7  dollars,  and  the  sum 
will  be  13  dollars,  but  6  dollars  cannet  be  added  to  7  feet. 
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26.    The  following  table  gives  the  sum  of  any  two  num- 
bers from  1  to  12: 

TABLE    1. 


land    lare   2 

Sand    lar 

8 

Band    lare  4 

.4 and   lare  5 

land   2 are    3 

2  and    2  are   4 

Sand    2  are   6 

4  and    3  are  « 

land    Bare    4 

3  and    Bar 

6 

Sand   Bare   S 

4  and   8  are    7 

1  and    4  are    5 

Sand    4ar 

« 

Sand    4  are   7 

4  and  4  are  8 

land    5  are    6 

2  and    6ar 

7 

Band    5  are   8 

4  and  5  are  9 

land    6 are    7 

2  and    6  are    8 

8  and   6  are    9 

4  and   8  are  10 

land   7  are    8 

3  and    Tar 

» 

Band   7  are  10 

4  and    7  are  11 

land   8  are    9 

2  and    Bar 

10 

Band    8  are  11 

4  and   8  are  13 

1  and    9  are  10 

2  and    9  are  11 

8  and    9  are  13 

4  and    9  are  IB 

land  10  are  11 

3  and  10  ar 

13 

8  and  10  are  13 

4  and  10  are  14 

I  and  11  are  13 

3  and  liar 

IS 

8  and  11  are  14 

4  and  Hare  IS 

1  and  13  are  18 

3  and  13  ar 

14 

3  and  13  are  15 

4  and  13  are  IB 

Sand    lare   6 

Band    lare    7 

7  and    1  are    8 

Sand    lare  9 

Sand    3 are    7 

Sand   3ar 

8 

land    3 are   9 

8  and   2  are  10 

6  and   8  are   8 

0  and   8  ar 

9 

7  and   S^relO 

8  and    Bare  11 

Sand   4 are   9 

<and   4ar 

10, 

7afld    4  are  11 

8  and  4  are  18 

5  and   6  are  10 

6  and    S  ar 

11 

7  and   6  are  13 

8  and   5  are  18 

S  and   e  are  11 

6  and    ean 

IS 

7  and   B  are  18 

8  and   B  are  14 

Sand    Tareia 

fland    7ar 

13 

7  and    7  are  14 

Band   7 are  15 

Band    8  are  13 

8  and    8ar 

14 

7  and    8  are  15 

Band    8  are  18 

6  and    9  are  14 

Band    9  ar 

15 

7  and   9  are  IB 

8  and    9  are  17 

6  and  10  are  16 

6  and  10  ar 

18 

7  and  10  are  17 

8  and  10  are  18 

5  and  11  are  16 

6  and  11  ar 

17 

7  and  11  are  18 

8  and  11  are  19 

S  and  13  are  IT 

e  and  13  ar 

18 

7  and  13  are  19 

8  and  13  are  20 

9  and    1  are  10 

10  and    1  ar 

~n 

11  and    1  ard  13 

13 and    lare  18 

9  and   3  are  11 

10  and    3ar 

13 

Hand   3  are  13 

12  and   2  are  14 

9  and    8  are  12 

10 and    Bar 

13 

Hand    8  are  14 

13  and   8  are  15 

9  and   4  are  13 

10  and    4ar 

14 

Hand   4 are  15 

12  and   4  are  16 

9  and    5  are  14 

10  and    5ar 

IS 

Hand   Sareie 

12  and   5  are  17 

9  and    6  are  15 

10  and    Bare  18 

Hand   8  are  17 

13  and   6  are  18 

9  and    7arelfl 

10  and    7ar 

17 

Hand   7  are  18 

13  and   7  are  19 

9  and    8  are  17 

10  and    8ar 

18 

Hand   8  are  19 

13  and    8  are  20 

9  and    9  are  IB 

10  and    9ar 

19 

Hand   9  are  30 

13  and   9  are  21 

9  and  10  arc  19 

10  and  10  ar 

20 

11  and  10  are  31 

13  and  10  are  33 

9  and  11  are  20 

10  and  11  an 

21 

11  and  U  are  33 

13  and  11  are  23 

9  and  12  are  21 

10  and  12.  ar 

32 

11  and  13  are  33 

13  and  12  are  34 

This  table  should  be  carefully  committed  to  memory.  Since  0  has 
no  value,  the  Bum  of  any  number  and  0  is  the  number  itself;  thus.  17 
and  0  are  17. 

27.  For  addition,  place  the  numbers  to  be  added  directly 
under  each  other,  taking  care  to  place  units  under  units,  tens 
under  tens,  hundreds  under  hundreds,  and  so  on. 

When  the  numbers  are  thus  written,  the  right-hand  figure 
of  one  numier  is  placed  directly  undrr  the  right-hand  Jigure 
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of  the  number  above  it,  thus  bring^ing  the  unit  figures  of  ail 
the  numbers  to  be  added  in  the  same  vertical  line.  Proceed 
as  in  the  following  examples: 

28.     EXAMPLK.— What  is  the  sum  of  181,  238.  SI,  S,  and  418  f 


SI 

S 
i18 
sum    7  U  9    Ana. 

Explanation. — After  placing  the  numbers  in  proper 
order,  begin  at  the  bottom  of  the  right-hand  or  units 
column,  and  add,  mentally  repeating  the  different  sums. 
Thus,  three  and  two  are  five  and  one  are  six  and  two  are 
eight  and  one  are  nine,  the  sum  of  the  numbers  in  units 
column.  .  Place  the  9  directly  beneath  as  the  first  or  units 
figure  in  the  sum. 

The  sum  of  the  numbers  in  the  next  or  tens  column  equals 
8  Ifiis,  which  is  the  second  or  tens  figure  in  the  sum. 

The  sum  of  the  numbers  in  the  next  or  hundreds  column 
equals  7  hundreds,  which  is  the  third  or  hundreds  figure  in 
the  sum. 

The  sum  or  answer  is  789. 

29.     EXAUPLB.— What  is  the  sum  of  426,  8Q.  9,316,  4.  and  907? 
Solution.—  4  2  S 


sum    106  8  7    Ans. 
Explanation. — The  sum  of  the  numbers  in  the  first  or 
units  column  is  seven  and  four  are  eleven  and  five  are  six- 
teen and  six  are  twenty-two  and  five  are  twenty-seven,  or 
27  units;  i.  e.,  two  tens  and  seven  units.  Write  87  as  shown. 
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The  sum  of  the  numbers  in  the  second  or  tens  column  is 
ail  tens,  or  60.  Write  60  underneath  27  as  shown.  The 
sum  of  the  numbers  in  the  third  or  hundreds  column  is  15 
hundreds,  or  1,500.  Write  1,500  under  the  two  preceding 
results  as  shown.  There  is  only  one  number  in  the  fourth 
or  thousands  column,  nine,  which  represents  9,000.  Write 
9,000  under  the  three  preceding  results.  Adding  these  four 
results,  the  sum  is  10,587,  which  is  the  sum  of  425,  36, 
9,216,  4,  and  907. 

NoTB. — It  frequently  happens,  when  adding  a  long  column  of  fig- 
ures, that  the  sum  of  two  numbers,  one  of  which  does  not  occur  in  the 
addition  table,  is  required.  Thus,  in  the  first  column  above,  the  sum  of 
16  and  6  was  required.  We  know  from  the  table  that  8+  6  =  12; 
hence,  the  first  figure  of  the  sum  is  S.  Now,  the  sum  of  any  number  less 
than  SO  and  of  any  number  less  than  10  must  be  less  than  thirty,  since 
20  4-  10  =  80 ;  therefore,  the  sum  is  22.  Consequently,  in  cases  of  this 
bind,  add  the  first  figure  of  the  larger  number  to  the  smaller  number 
and,  if  the  result  is  Greater  than  B,  increase  the  second  figure  of  the  larger 
numberbyl.    Thu8.M  +  7=f    4+ 7  =  11;  hence,  «  +  7  =  5I. 

30.    The  addition  may  also  be  performed  as  follows: 

425 

S« 

9315 

4 

907 

SUM    10B87    Ana. 

Explanation. — The  sum  of  the  numbers  in  units  column 

=  87  units,  or  2  tens  and  7  units.     Write  the  7  units  as  the 

first  or  right-hand  figure  in  the  sura.     Reserve  the  two  tens 

and  add  them   to  the  figures  in  tens  column.     The  sura  of 

the  figures  in  the  lens  column,  plus  the  8  tens  reserved  and 

carried  from  the  units  coluran  =  8,  which  is  written  down  as 

the  second  figure  in  the  sum.     There  is  nothing  to  carry  to 

the  next  coluran,  because  8  is  less  than  10.     The  sum  of  the 

numbers  in  the  next  column  is  15  hundreds,  or  1  thousand 

and  6  hundreds.     Write  down  the  5  as  the  third  or  hundreds 

figure  in  the  sum  and  carry  the  1  to  the  next  column.     1  -}- 

9  =  10,   which  is  written   down   at   the  left   of    the  other 

figures. 

The  second  method  saves  space  and  figures,  but  the  first 
U  to  be  preferred  when  adding  a  long  column. 

B.U.    h~t 
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31  •     BxAHPLK. — Add  the  numbers  in  the  column  below. 
Solution.—  8  90 


4«S 

BO 

888 
84 

Itl 

turn    S890    Ana. 

EzPLAMATioN. — The  sum  of  the  digits  in  the  first  column 

equals  19  units,  or  1  ten  and  9  units.     Write  down  the  9  and 

carry  I  to  the  next  column.     The  sum  of   the  digits  in  the 

second  column  +  1  =  109 /f«J,  or  10  hundreds  and  9  tens. 

Write  down  the  9  and  carry  the  10  to  the  next  column.    The 

sum  of  the  digits  in  this  column  plus  the  10  reserved  =  38. 

The  entire  sum  is  3,899. 

32.  Rule  i> — (a)  Begin  at  the  right,  add  each  column 
separately,  and  write  the  sum,  if  it  be  only  one  figure,  under 
the  column  added. 

(6)  If  the  sum  of  any  column  consists  of  tivo  or  more  fig- 
ures,put  the  right-hand  figure  of  the  sum  under  that  column, 
and  add  tlie  remaining  figure  or  figures  to  the  next  column. 

33.  Proof. — To  prove  addition,  add  each  column  from 
top  to  bottom.  If  you  obtain  the  same  result  as  by  adding 
from  bottom  to  top,  the  work  is  probably  correct. 


BXAMPLEB  FOB  PRACTICB. 


34.     Find  the  sum  of 
(a)  104  +  208  +  613  +  214. 
(*)   1,875  +  3,143  +  5.826  +  10.882. 

(c)    4,885  +  2,145  +  8,178  +  40,081 
(<0  14,304  +  8,173  +  1,005  +  10.043. 


(a)  1,184. 

(i)  81.676. 

if)  55,267. 

.  id)  88,484. 
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Ijt)    10,888  +  4.145  +  8,188  +  5,879.  f  (<)  28,«62. 

0'^)  ai4  + 1,281  +  141  +  6,000.  \  if)  8.686. 

{^)  188  +  104  +  436  +  I38  +  827.  ^^   ]  {^)  1.105. 

(*)  8,854  +  2.140  +  2,042+1,111+8,888.  [(A)   14,986. 

1.  A  week's  record  of  coal  burned  in  an  engine  room  is  as  follows  : 
Monday,  1,800  pounds ;  Tuesday.  I,«i5  pounds  ;  Wednesday,  1.736 
pounds;  Thursday,  1,690  pounds;  Friday,  1,648  pounds;  Saturday. 
1.020  pounds.    How  much  coal  was  burned  during  the  week  ? 

Ana.  9,588  pounds. 

9.  A  steam  pump  pumps  out  of  a  cistern  in  one  hour  4,200  gallons  ; 
ta  the  next  hour.  5,420  gallons,  and  in  45  minutes  more,  an  additional 
8.900  gallons,  when  the  cistern  becomes  empty.  How  many  gallons 
were  in  the  cistern  at  first  ?  Ans.   13,220  gallons. 

8-  What  is  the  total  cost  of  a  steam  plant,  the  several  items  of 
expense  being  as  fallows  :  Steam  engine,  S900  ;  boiler,  |T76  ;  fittings 
and  connections,  ^225  ;   erecting  the  plant,  $125  ;  engine  house,  |650  ? 

Aus.  9i675. 


SUBTRACTION. 

35.  In  Arithmetic,  subtraction  is  the  process  of  find- 
ing how  much  greater  one  number  is  than  another. 

The  greater  of  the  two  numbers  is  called  the  minuend. 

The  smaller  of  the  two  numbers  is  called  the  subtrahend. 

The  number  left  after  subtracting  the  subtrakend  from  the 
minuend  is  called  the  difference  or  remainder. 

30.  The  sign  of  subtraction  is  — .  It  is  read  minus, 
and  means  less.  Thus,  13  —  7  is  read  12  minus  7,  and  means 
that  7  is  to  be  taken  from  12. 

37.     ExAiiPi.K._Prom  7.668  take  8.426. 
SOLOTIOM.—  minuend  7  56  8 

iuhtraktnd  8426 
rtmainder  414  3    Ans. 

Explanation. — Begin  at  the  right-hand  or  units  column 
and  subtract  in  succession  each  figure  in  the  subtrahend 
from  the  one  directly  above  it  in  the  minuend,  and  write 
the  remainders  below  the  line.  The  result  is  the  entire 
remainder. 
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38.  When  there  are  more  figures  in  the  minuend  than  in 
the  sudiraAend,  and  when  some  figures  in  the  minuend  are 
less  than  the  figures  directly  under  them  in  the  subtrahend, 
proceed  as  in  the  following  example: 

Example.— Prom  8,458  take  84*. 


remainder  7  60V    Ads. 

Explanation. — Begin  at  the  right-hand  or  units  column 
to  subtract.  We  can  not  take  4  from  3,  and  must,  therefore, 
borrow  1  from  5  in  tens  column  and  annex  it  to  the  3  in  units 
column.  The  1  ten  =  10  units,  which  added  to  the  3  in  the 
units  column  =  13  units.  4  from  13  =  9,  the  first  or  units 
figure  in  the  remainder. 

Since  we  borrowed  1  from  the  5,  only  4  remains;  4 from  4 
=  0,  the  second  or  tens  figure.  We  can  not  take  8  from  4,  so 
borrow  1  thousand  or  10  hundreds  from  8;  10  hundreds -\-i 
hundreds  =  14  hundreds. 

8  from  14  =  6,  the  third  or  hundreds  figure  in  the  re- 
mainder. 

Since  we  borrowed  1  from  8  only  1  remains,  from  which 
there  is  nothing  to  subtract;  therefore,  1  is  the  next  figure 
in  the  remainder  or  answer. 

The  operation  of  borrowing  is  placing  1  before  the  figure 
following  the  one  from  which  it  is  borrowed.-  In  the  above 
example  the  one  borrowed  from  5  is  placed  before  3,  making 
it  13,  from  which  we  subtract  4.  The  1  borrowed  from  8  is 
placed  before  4,  making  14,  from  which  8  is  taken. 

39>     Example— Find  the  difference  between  10,000  and  8,793. 


remainder     1387    Ans. 

Explanation. — In  the  above  example  we  borrow  1  from 
the  second  column  and  place  it  before  0,  making  10;  3  from 
10  =  7.     In  the  same  way  we  borrow  1  and  place  tt  before 
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the  next  cipher,  making  10;  but  as  we  have  borrowed  1  from 
this  column  and  taken  it  to  the  units  column,  only  9  re- 
mains, from  which  to  subtract  6,  C  from  9  =  3.  For  the 
same  reason  we  subtract  7  from  9  and  8  from  9  for  the  next 
two  figures,  and  obtain  a  total  remainder  of  1,237. 

40.  Rule  2. — Place  the  subtrahend  or  smaller  number 
under  the  minuend  or  larger  number,  in  the  same  manner  as 
for  addition,  andproceedas  in  Arts.  37,  38,  and  39. 

41.  Proof. —  To  prove  an  example  in  subtraction,  add 
the  subtrahend  and  remainder.  The  sum  should  equal  the 
minuend.  If  it  does  not,  a  mistake  has  been  made,  and  the 
work  should  be  done  over. 

Proof  of  the  above  example: 

subtrahend     876  3 

remainder     12  3  7 

minuend  10000 


EXAMPLES  FOB  PRACTICE. 

42.     From 

(a)  M.STS  take  62,574. 

{«)  81,704. 

{!>)  G8,7I4  take  26,924. 

(*)  27,890. 

W  71,832  uke  68,109. 

(f)  18.728. 

(^)  20,804  takea0,408.                                                 . 

(</)  10,3B«. 

{/}  3I0,48S  take  102,141. 

{e)  208.824 

(/)  (81,043+  1.041)  take  14,881. 

(/)  «7.253. 

(/)(20.482  + 18,216)  take  21,314 

U)  17.484. 

(>t)  (2,040  +1,218  +  542)  take  8,791. 

(-*)*. 

1.  A  cistern  is  fed  by  two  pipes  which  supply  l.SOO  and  3,250  gallons 
per  hour,  respectively,  and  is  being  emptied  by  a  pump  which  deliverii 
6,800  gallons  per  hour.  Starting  with  8,000  gallons  In  the  cistern,  how 
much  water  does  it  contain  at  the  end  of  an  hour  1   Ans.  5,050  gallons. 

S.  A  train  in  running  from  New  Vork  to  Buffalo  travels  88  miles 
the  first  hour,  42  the  second,  39  the  third,  56  the  fourth.  52  the  fifth, 
and  48  the  sixth  hour.  How  many  miles  remain  to  be  traveled  at  the 
end  of  the  riitb  hour,  the  distance  between  the  two  places  being  410 
miles?  Ans.  185  miles- 


.dbyGoogle 


IS  ARITHMETIC 

S.  On  Monday  morning  a  bank  had  on  hand  $3,803.  During  the 
day  91,831  were  deposited  and  $3,173  drawn  out;  on  Tuesday,  $8,12a 
were  deposited,  and  $1,954  drawn  out.  How  many  dollars  were  on 
hand  Wednesday  morning  ?  Ans.  $8,698. 

MULTIPLICATION. 

43.  To  multiply  a  number  is  to  add  it  to  itself  a  cer- 
tain number  of  times. 

44.  Multiplication  is  the  process  of  multiplying  one 
number  by  another. 

The  number  thus  added  to  itself,  or  the  number  to  be 
multiplied,  is  called  the  multiplicand. 

The  number  which  shows  how  many  times  the  multiplicand 
is  to  be  taken,  or  the  number  by  which  we  multiply,  is  called 
the  multiplier. 

The  result  obtained  by  multiplying  is  called  the  product. 

45.  The  sign  of  multiplication  is  x.  It  is  read  times 
or  multiplied  by.  Thus,  9  x  6  is  read  9  times  6,  or  9  multi- 
plied by  6. 

46.  It  matters  not  in  what  order  the  numbers  to  be 
multiplied  together  are  placed.     Thus,  6  x  9  is  the  same  as 


47.     In  the  following  table,  the  product  of  any  two  num- 
bers (neither  of  which  exceeds  twelve)  may  be  found: 
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TABLE    2. 


Itimes  lb 

— 1~ 

a  times    lare 

2 

3  times 

are     8 

1  times   a  are 

2  times    3  are 

4 

8  times 

1  times   8  are 

a  times    Bare 

6 

3  times 

are      9 

1  times   4  are 

a  times   4  are 

8 

3  times 

are    13 

1  times   5  are 

2  times   6  are 

10 

8  times 

are    16 

J  times    6  are 

a  times    0  are 

12 

3  times 

are    18 

1  times   7  are 

2  times    Tare 

14 

8  times 

are    21 

1  times   8  are 

3  times   8  are 

10 

8  times 

are    24 

1  times   0  are 

8  times    0  are 

18 

3  times 

are    27 

1  times  10  are 

10 

a  times  10  are 

20 

a  times  1 

are    30 

1  Umes  11  are 

11 

32 

8  times  1 

are    33 

1  times  12  are 

12 

2  times  12  are 

24 

3  times  1 

are    36 

4  times   1  are 

5  times    1  arc 

5 

6  times 

are     6 

4  times    2  are 

6  times   3  are 

10 

6  times 

are    IS 

4  times    Bare 

la 

6  times    8  are 

15 

6  times 

are    18 

4  times    4  are 

16 

6  times   4  are 

20 

6  times 

are    24 

4  times   5  are 

30 

5  times    6  are 

26 

6  times 

are    30 

4  times   6  are 

24 

6  times    6  are 

SO 

6  times 

are    36 

4  times   7  are 

38 

6  times    Tare 

S5 

6  times 

are   42 

4  times   8  are 

83 

6  times    8  are 

40 

6  times 

are    48 

4  times   9  are 

B6 

6  times    9  are 

46 

6  times 

are   64 

4  times  10  are 

40 

5  times  to  are 

SO 

e  tim;a  1 

are   60 

4  Umes  11  are 

44 

5  times  11  are 

66 

8  times  1 

are   66 

4  times  13  are 

48 

6  times  12  arc 

60 

6  times  1 

are   72 

7  times    1  are 

"l 

8  times    lare 

~f 

9  times 

are     9 

7  times   2  are 

14 

B  times  2  are 

16 

9  times 

are    IS 

7  times   Bare 

21 

8  times   3  are 

24 

0  times 

are   87 

7  times   4  are 

28 

8  times  4  are 

83 

9  times 

are    36 

7  times   6  arc 

86 

8  times   Bare 

40 

9  times 

are    46 

7  times   6  are 

42 

8  times   eare 

48 

9  times 

are    64 

7  times   7  are 

40 

8  times   7  are 

S6 

9  times 

are    68 

7  times    8  are 

58 

8  times   8  are 

64 

9  times 

are   72 

7  times   9  are 

68 

Slimes   Oare 

73 

9  times 

are   81 

7  times  10  are 

70 

8  times  10  are 

80 

9  times  I 

are   00 

7  times  11  are 

77 

8  times  11  are 

88 

9  times  I 

are   09 

7  times  12  are 

84 

8  times  12  are 

96 

9  times  1 

are  108 

10  times    1  are 

10 

11  limes    1  are 

"iT 

12  times 

are    13 

10  times  2  arc 

30 

11  times   2  are 

la  times 

are    24 

lOtimea    Bare 

80 

11  times   8  are 

88 

12  times 

are    86 

10  times  4  are 

40 

11  times   4  are 

44 

12  times 

are    48 

10  times    6  are 

60 

11  times   5  are 

65 

13  times 

are    60 

10  times   a  are 

60 

11  times   6  are 

66 

12  times 

arc   78 

10  times   7  are 

70 

11  times   7  are 

77 

12  times 

are    84 

10  times   8  are 

60 

11  times    Bare 

88 

la  times 

are    96 

10  Umes   Oare 

90 

11  times    Bare 

90 

12  times 

are  108 

10  times  10  are 

100 

11  times  10  are 

110 

la  times  I 

are  120 

10  times  11  are 

110 

11  times  11  are 

12) 

13  times  1 

are  132 

10  times  13  are 

130 

11  times  la  are 

isa 

12  times  1 

arc  144 

Tliis  Ubie  should  tx 

carefully  committed 

to  memory. 

SlneeOhasno 

value 

Jhe  product  of  Oand 

uiynumbe 

laa 
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14  ARITHMETIC. 

48.     To  multtply  a  number  by  one  figure  only  > 

Example.— Multiply  426  by  S. 
Solution.—  multiplicand       43S 

multiplier  6 

product  SI  SB  Ana. 
Explanation. — For  convenience,  the  multiplier  is  gener- 
ally written  under  the  right-hand  figure  of  the  multiplicand. 
On  looking  in  the  multiplication  table,  we  see  that  5x5  are  25. 
Multiplying  the  first  figure  at  the  right  of  the  muliiplicaHd, 
or  6,  by  the  multiplier  5,  it  is  seen  that  5  times  5  units  are  25 
units,  or  2  tens  and  5  units.  Write  the  5  units  in  units  place 
in  the  product,  and  reserve  the  2  tens  to  add  to  the  product  of 
tens.  Looking  in  the  multiplication  table  again,  we  see  that 
5X2  are  10.  Multiplying  the  second  figure  of  the  multipli- 
cand by  the  multiplier  5,  we  see  that  5  times  2  tens  are  10 
tens,  plus  the  2  tens  reserved,  are  13  tens,  or  1  hundred  plus 
2  tens.  Write  fh^Stensin  tens  place,  and  reserve  the  1  hun- 
dred to  add  to  the  product  of  hundreds.  Again,  we  see  by 
the  multiplication  table  that  5x4  are  20.  Multiplying  the 
third  or  last  figure  of  the  multiplicand  by  the  multiplier  5,  we 
see  that  5  times  4  hundreds  are  20  hundreds, //aj  the  1  hun- 
dred reserved,  are  21  hundreds,  or  2  thousands  plus  1  hundred, 
which  we  write  in  thousands  and  hundreds  places,  respectively. 
Hence,  theproduct  15  2,125. 

This  result  is  the  same  as  adding  425  five  times.  Thtis, 
426 
495 
42S 
435 
42S 
sum    31 20    Ad& 


BXAMPLES  FOB  PBACTICB. 

49.     Find  the  product  of 
(a)     61,488  X  8. 
(»)     12.875  X  0. 
(c)     10,42«x7. 
{d)    10,88SXS. 


(a)  868,808. 

(i)  81.876. 

(c)  72,988- 

Id)  82,005. 
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{*)    98.876x4 
if)    10.873x8. 

(g)    ".548  x». 

(A)   218,734x2. 


(«)  808,004 

(J)  86.964. 

(g)  643.887. 

(A)  437,4Sa 


1.  A  stationary  engine  makes  5,520  revolutions  per  hour.  Running 
9  hours  a  day,  5  days  in  the  week,  and  5  hours  on  Saturday,  how  manjr 
revolutions  would  it  make  in  4  weeks  ?  Ana.  1,104,000  revolutions. 

3.  An  engineer  earns  |650  a  year,  and  his  average  expenses  are 
1046.     How  much  could  be  save  in  8  years  at  that  rate  ?        Ans.  $816. 

8.  The  connection  between  an  engine  and  boiler  is  made  up  of  0 
lengths  of  pipe,  three  of  which  are  12  feet  long,  one  2  feet  6  inches 
long,  and  one  8  feet  6  inches  long.  If  the  pipe  weighs  fl  pounds  per 
foot,  what  is  the  total  weight  of  the  pipe  used  ?  Ans.  438  pounds. 

60.  To  multiply  a  number  by  two  or  more  fl^- 
uree: 

BXAHPLB.— Multiply  470  by  384. 
Solution.—       multiplicand  476 

multiplier  284 

1900 
1420 
950 


product   HUGO    Ans. 

Explanation. — For  convenience,  the  multiplier  is  gener- 
ally written  under  the  multiplicand,  placing  units  under 
units,  tens  under  tens,  etc. 

We  can  not  multiply  by  234  at  one  operation ;  we  must, 
therefore,  multiply  by  the  parts  and  then  add  the  partial 
products. 

The  parts  by  which  we  are  to  multiply  are  4  units,  3  tens, 
and  2  hundreds.  4  times  476  =  1, 900,  the  first  partial  prod- 
uct;  3  times  476  =  1,425,  the  second  partial  product,  the 
right-hand  figure  of  which  is  "written  directly  under  the  fig- 
ure multiplied  by,  or  3 ;  3  times  475  =  950,  the  third  partial 
product,  the  right-hand  figure  of  which  is  written  directly 
underthe  figure  multiplied  by,  or  2. 

The  sum  of  these  three  partial  products  is  111,150,  which 
is  the  entire  product. 
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51 .  Rule  3. — («)  Write  the  multiplier  under  the  multipli- 
cand, so  that  units  are  under  units,  tens  under  lens,  etc. 

(6)  Begin  at  the  right  and  multiply  each  figure  of  the  multi- 
plicand  by  each  successive  figure  of  the  multiplier,  placing  the 
righl-liand  figure  of  each  partial  product  directly  under  the 
figure  used  as  a  multiplier. 

(c)  The  sum  of  the  partial  products  will  equal  the  required 
product. 

52.  Proof. — Review  the  work  carefully,  or  multiply  the 
multiplier  by  the  multiplicand ;  if  the  results  agree,  tlte  work 
is  correct. 

53.  When  there  is  a  cipher  in  the  multiplier,  multiply 
the  entire  multiplicand  by  it;  since  the  result  will  be  zero, 
place  a  cipher  under  the  cipher  in  the  multiplier.     Thus, 


(1) 

m           W 

(-0 

0 

8       15 

708 

xo 

XO      X  0 

X   0 

0  Ana. 

0  Ans.    0  Am. 

0  Am. 

W 

t/) 

<*■) 

8114 

4008 

812S4 

SOB 

806 

1009 

»843 

20040 

02638 

82S80 

130240 

8120400 
81880S2B 

682143  Ana. 

1332440  Ans. 

Ana. 

In  examples  [e),  (/),  and  {g\  we  multiply  by  0  as  directed 
above;  then  multiply  by  the  next  figure  of  the  multiplier 
and  place  the  first  figure  of  the  product  alongside  the  0,  as 
shown. 


BXAMPLBB  rOK  PKACTICB. 

S4.  Find  the  product  of 

(a)  8,842  X  3& 

(b)  8,710  X  46. 
(f)  1,817  X  134. 
(rf)  876X88. 


w 

M.8M. 

W) 

167,230. 

w 

236.808. 

t.d) 

a6.«a 
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ARITHMETIC. 

(<) 

1.8TCX88. 

W 

61.878. 

V) 

4,836x47. 

(/) 

287.288. 

U1 

6.68Sx64a 

(#■) 

8.086,826. 

(« 

8.851  x24«. 

(*) 

801,228. 

(<■) 

8,876x803. 

(") 

868,850. 

U) 

17.819  XJ,004. 

Am 

Ol 

17,890,276. 

(* 

88,in4  X  205. 

m 

7,928,170. 

18,804  X  100. 
7,834  X  10. 

1.880,400. 
78,840. 

(») 

87,543x1.000. 

(«) 

87,548,  OOa 

w 

48.768  xlOa 

M 

4,876.8001 

1.  If  the  area  of  a  steam-engine  piston  is  118  square  inches,  what  ia 
the  total  pressure  upon  it  when  the  steam  pressure  is  80  pounds  per 
square  inch?  Ans.  9,606  pounds. 

3.  A  steam  engine,  which  indicated  164  horsepower,  was  found  to 
consume  4  pounds  of  coal  per  horsepower  per  hour.  Being  replaced 
by  a  new  engine,  which  was  of  the  same  horsepower  as  the  other, 
another  test  was  made,  which  showed  a  consumption  of  8  pounds  per 
horsepower  per  hour.  What  was  the  saving  of  coal  for  a  year  of  809 
days,  if  the  engine  areraged  to  mn  14  hours  a  day  ? 

Ans.  700,464  pounds. 

S.    Two  steamers  are  7,846  miles  apart,  and  are  sailing  towards  each 

other,  one  at  the  rate  of  18  miles  an  hour,  and  the  other  at  the  rate  of 

IS  miles  an  hour.     How  far  apart  will  they  be  at  the  end  of  906  hours  ? 

Ans.  1,081  miles. 


DIVISION. 

55.  DlTlslon  is  the  process  of  finding  how  many  times 
one  number  is  contained  in  another  of  the  same  kind. 

The  number  to  be  divided  is  called  the  dividend. 
The  number  by  which  we  divide  is  called  the  divisor. 
The  number  which  skews  how  many  times  the  divisor  is 
contained  in  the  dividend  is  called  the  quotient. 

56.  The  sign  of  division  is  -i-.     It  is  read  divided  by. 
M  -^  9  is  read  54  divided  by  9.     Another  way  to  write  64 


In  both  of  these  cases  64  is  the  dividend  and  9  is  the 
divisor. 
Division  is  the  reverse  of  multipllcacion. 
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57.     To  divide  wiien  tlie  diviaor  conBlste  of  but 
one  figure,  proceed  as  ia  the  following  example: 
Example.— What  is  the  quotient  of  875  +  7  ? 

divisor  dividend  quoiuni 

Solution.—  7)870(120    Ans. 


Explanation. — 7  is  contained  in  8  hundreds  I  hundred 
times.  Place  the  one  as  the  first,  or  left-hand,  figure  of  the 
quotient.  Multiply  the  divisor  7  by  the  1  hundred  of  the 
quotient,  and  place  the  product  7  hundretis  under  the 
8  hundreds  in  the  dividend,  and  subtract.  Beside  the 
remainder  1,  bring  down  the  7  tens,  making  17  tens;  17 
divided  by  7  =  !i  times.  Write  the  two  as  the  second 
figure  of  the  quotient.  Multiply  the  divisor  7  by  the  2, 
and  subtract  the  product  from  17.  Beside  the  remain- 
der 3,  bring  down  the  fi  unils  of  the  dividend,  making 
35  units.  7  is  contained  in  35,  5  times,  which  is  placed  in 
the  quotient.  Multiplying  the  divisor  by  the  last  figure  of 
the  quotient,  5  times  7  =  35,  which  subtracted  from  35, 
under  which  it  is  placed,  leaves  0.  Therefore,  the  quotient 
is  \%5.     This  method  is  called  long;  division. 

68.  In  abort  division,  only  the  divisor,  dividend,  and 
quotient  are  written,  the  operations  being  performed  men- 
tally. 

dividfitd 
divUor    7)8"7'5 

quotient  1  2  S  Ans. 
The  mental  operation  is  as  fol 
once  and  one  remainder ;  1  placei 
contained  in  17,  2  times  and  3  oa 
makes  35;  7  is  contained  in  35,  6 
tients  placed  in  order  as  they  ar 
quotient  125. 
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The  small  figures  are  placed  in  the  example  given  to  better 
illustrate  the  explanation;  they  are  never  written  when 
actually  performing  division  in  this  way. 

59.     If  the  divisor  consists  oi  S  or  more  figures,  proceed 
as  in  the  following  example: 
Example.— Kvide  2,703,830  by  68. 

divisor  dividend  gtalttHt 

SoLVTKm.—  es  )a70283«(4290a   Ana. 


Explanation. — As  63  is  not  contained  in  the  first  two  fig- 
ures, 27,  we  must  use  the  first  three  figures,  270.  Now,  by 
trial,  we  must  find  how  many  times  63  is  contained  in  270; 
6  is  contained  in  the  first  two  figures  of  370,  4  times.  Place 
the  4  as  the  first  or  left-hand  figure  in  the  quotient,  Multi- 
ply the  divisor  63  by  4,  and  subtract  the  product  252  from 
270-  The  remainder  is  18,  beside  which  we  write  the  next 
figure  of  the  dividend,  2,  making  182.  Now,  6  is  contained 
in  the  first  two  figures  of  182,  3  times,  but  on  multiplying 
63  by  3,  we  see  that  the  product  189  is  too  great,  so  we  try 
2  as  the  second  figure  of  the  quotient.  Multiplying  the 
divisor  63  by  2,  and  subtracting  the  product  126  from  182, 
the  remainder  is  S6,  beside  which  we  bring  down  the  next 
figure  of  the  dividend,  making  068;  6  is  contained  in  66 
about  9  times.  Multiply  the  divisor  63  by  9  and  subtract 
the  product  567  from  668.  The  remainder  is  1,  and  bringing 
down  the  next  figure  of  the  dividend,  2,  gives  12.  As  12  is 
smaller  than  63,  we  write  0  in  the  quotient  and  bring  down 
the  next  figure,  6,  making  120.  63  is  contained  in  126,  2 
times,  without  a  remainder.  Therefore,  42,902  is  the  quo- 
tient. 
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60.  Rule  4.— (a)  IVriU  the  divisor  at  the  left  of  the 
dividend,  with  a  line  between  tkem. 

(6)  Find  how  many  times  the  divisor  is  contained  in  the 
lowest  number  of  the  left-hand  figures  of  the  dividend 
tliat  will  contain  it,  and  write  the  result  at  the  right  of  the 
dividend,  with  a  line  between,  for  the  first  figure  of  the 
quotient. 

(c)  Multiply  the  divisor  by  this  quotient ;  write  the  product 
under  the  partial  dividend  used,  and  subtract,  annexing  to  the 
remainder  the  next  figure  of  the  dividend.  Divide  as  before, 
and  thus  continue  until  all  the  figures  of  the  dividend  have 
been  used. 

(d)  If  any  partial  dividend  will  not  contain  the  divisor, 
write  a  cipher  in  the  quotient,  annex  the  next  figure  of  the 
dividend  and  proceed  as  before. 

(e)  If  there  be  a  remainder  at  last,  write  it  after  the  quo- 
tient, with  the  divisor  underneath. 

61 .  Proof. — Mittitpty  the  quotient  by  the  divisor,  and  add 
the  remainder,  if  there  be  any,  to  the  product.  The  result  will 
be  the  dividend. 

dniiser  dividriul  giatittil 

Thus.  «S)4a»6(eTH    Ana. 


remainder 
dividend 
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BXAUPLBS  FOR  PBACTICB. 

62*      Divide  the  following: 

(a)  1M,498  by  58.  f  (a)  B.18L 

(i)    8,907,5M  by  767.  (*)   4.183. 

(c)    11,408,208  by  384.  (f)   48.758L 

(rf)  2,100,815  by  S81.  (</)  8.816. 

(*)    968,886  by  4,008.  ^^^  1    {<)    242. 

(/)  7.481,888  by  1.021.  (/)  7,898. 

(^)  1,525.815  by  5.008.  (.f)  805. 

(i)    1.646.801  by  881.  [  {*)  4.821. 

1.  In  a  mile  there  are  S,280  faet  How  many  rails  would  It  take  t9 
lay  a  double  row  one  mile  long,  each  rail  being  80  feet  long  i 

Ans.  852raU>. 

3.     How  many  rivets  will  be  required  for  the  longitudinal  seams  of 

a  cylindrical  boiler  20  feet  long,  the  joint  being  double  riveted,  and  the 

rivets  being  spaced  4  inches  apart  ?  Ans.  130  rivets. 

NoTE.^First  find  the  length  of  the  boiler  in  inches. 

8.    It  requires  7,020,000  bricks  to  build  a  large  foundry.    How  many 

teams  will  it  require  to  draw  the  bricks  in  00  days,  if  each  team  draws 

fl  loads  per  day  and  1,500  bricks  at  a  load  ?  Ans.  18  teams. 

Note. — Find  how  many  loads  7,020,000  bricks  make  ;    then,  how 

many  days  it  will  tak«  one  team  to  draw  the  brick. 

CANCELATION. 

63>  Cancelation  is  the  process  of  shortening  opera- 
tions in  division  by  casting  out  equal  factors  from  both 
dividend  and  divisor. 

64.  The  foctors  of  a  number  are  t&ose  nutftders  which, 
when  mulliplied  together,  will  equal  that  number.  Thus,  6 
and  3  are  factors  of  15,  since  6  X  3  =  15.  Likewise,  8  and  7 
are  the  factors  of  S6,  since  8  X  ?  =  56. 

65.  A  prime  number  is  one  which  can  not  be  divided 
by  any  number  except  itself  and  1.  Thus,  2,  3,  11,  39,  etc, 
are  prime  numbers. 

66.  A  prime  factor  is  any  factor  that  is  a  prime 
number. 

Any  number  that  is  not  a  prime  is  called  a  composite 
number,  and  may  be  produced  by  multiplying  together  its 
prime  factors.  Thus,  60  is  a  composite  number,  and  is  equal 
to  the  product  of  its  prime  factors,  2  X  i^  X  3  X  6. 
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Numbers  are  said  to  be  prime  to  each  otber  when  no 
two  of  them  can  be  divided  by  any  number  except  1 ;  the 
numbers  themselves  may  be  either  prime  or  composite- 
Thus,  the  numbers  3,  5,  and  11  are  prime  to  each  other,  so 
also  are  22,  25,  and  21  — ail  composite  numbers. 

67.  Canceling  equal  factors  from  both  dividend  and  divi- 
sor does  not  change  the  quotient. 

The  canceling  of  a  factor  in  both  dividend  and  divisor  is  the 
same  as  dividing  them  both  by  the  same  number,  which,  by 
the  principle  of  division,  does  not  change  the  quotient. 

Write  the  numbers  which  make  the  dividend  ahoy q  the  line, 
and  those  which  make  the  divisor  below  it. 

68.  Example,— Divide  4x45x60  by  8x84. 
Solution.— Placing  the  dividend  over  the  divisor,  and  canceling 


^XfflXff_60 

yx 


,-  =  60.    Ana. 


ExFLANATiON. — The  4  in  the  dividend  and  24  in  the  divisor 
are  both  divisible  by  4,  since  4  divided  by  4  equals  1,  and  24 
divided  by  4  equals  6.  Cross  off  the  four  and  write  the  1 
over  it;  also,  cross  off  the  24  and  write  the  6  under  it.  Thus, 


s 

60  in  the  dividend  and  6  in  the  divisor  are  divisible  by  6, 

since  60  divided-  by  6  equals  10,  and  6  divided  by  6  equals  1. 

Cross  off  the  60  and  write  10  over  it ;  also,  cross  off  the  6  and 

write  1  under  it.     Thus, 

1  10 

<X4Sxff 

Again,  45  in  the  dividend  and  9  in  the  divisor  are  divisible 

by  9,  since  45  divided  by  9  equals  5,  and  9  divided  by  9  equals 

1.     Crossoff  the45andwritethe5over  it;  also,  cross  off  the 

9  and  write  the  1  under  it.     Thus, 

1      5     10 

4  X  <g  X  ff 


,ab,GoOgIc 


ARITHMETIC.  " 

Since  there  are  no  two  remaining:  numbers  (one  in  the  divi- 
dend and  one  in  the  divisor)  divisible  by  any  number  except 
1,  without  a  remainder,  it  is  impossible  to  cancel  further. 

Multiply  all  the  uncanceled  numbers  in  the  dividend 
together,  and  divide  their  product  by  the  product  of  all  the 
uncanceled  numbers  in  the  divisor.  The  result  will  be  the 
quotient.  The  product  of  all  the  uncanceled  numbers  in 
the  dividend  equals  5  X  1  X  10=  50;  the  product  of  all  the 
uncanceled  numbers  in  the  divisor  equals  1x1  =  1. 

1X6X10      ,.     ^„. 


It  is  usual  to  omit  the  I's  when  canceling  them,  instead 
of  writing  them  as  above. 

69.  Rule  B. — (a)  Cancel  the  common  factors  from  both 
the  dividend  and  divisor. 

(6)  Then  divide  the  product  of  the  remaining  factors  of  the 
dividend  by  the  product  of  the  remaining  factors  of  the  divisor, 
and  the  result  will  be  t/te  quotient. 


BXAMPLBS  FOR  PRACTICB. 

70.     Divide 

(«)  14  X  18  X  16  X  40  by  7  X  8  X  6  X  5  X  8.  f  {«)  8Sl 

(*)  8  X  65  X  60  X  100  X  80  by  80  X  60  X  18  X  10.  (*)  2Ba 

W  8x4x3x9xllbyllX9x4x3x8-  W  1- 

<rf)  164  X  331  X  6  X  7  X  4  by  83  X  321  X  7.  I  (rf)  48. 

(e)  00  X 100  X  3O0  X  72  by  1.000  X  144  x  100.  '^^ 

if.)  48  X  63  X  65  X  49  by  7  X  21  X  11  X  48. 
ig)  no  X  150  X  84  X  83  by  11  X  15  X  100  X  84. 
(M)    115  X  120  X  400  XLOOOby  23x1.000x60x800. 


{')  5. 
(/)1«. 
(i')42. 

(A)  5. 


FRACTIONS. 

71.  A  fraction  is  a  part  of  a  whole  number:  One-half, 
one-third,  two-fifths  are  fractions. 

72.  Two  numbers  arc  required  to  express  a  fraction, 
one  called  the  numerator,  and  the  other  the  denomi- 
nator. 

H.  if.    J.— 3 
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73.  The  numerator  is  placed  above  the  deneminator, 
with  a  line  between  them;  as,  |.  3  is  the  denominator,  and 
shows  into  how  many  equal  parts  the  unit  or  one  is  divided. 
The  numerator  2  shows  how  many  of  these  equal  parts  are 
taken  or  considered.  The  denominator  also  indicates  the 
names  of  the  parts. 

\  is  read  one-half. 

}  is  read  three-fourths. 

{  is  read  three-eighths. 

1^  is  read  five -sixteenths. 

ll  is  read  twenty-nine-forty-sevenths. 

In  the  expression  "}  of  an  apple,"  the  denominator 
4  shows  that  the  apple  is  to  be  (or  has  been)  cut  into  4  equal 
parts,  and  the  numerator  3  shows  that  tkree  of  these  parts, 
or  fourt/is,  are  taken  or  considered. 

If  each  of  the  parts,  or  fourths,  of  the  apple  were  cut  in 
two  equal  pieces,  there  would  then  be  twice  as  many  pieces 
as  before,  or  4x8  =  8  pieces  in  all;  one  of  these  pieces  would 
be  called  one-eighth,  and  would  be  expressed  in  6g;ures  as  \. 
Three  of  these  pieces  would  be  called  three-eighths,  and 
written  |.  The  words  three -fourths,  three-eighths,  five- 
sixteenths,  etc.,  are  abbreviations  of  three  one-fourths,  three 
one-eighths,  five  one-sixteenths,  etc.  It  is  evident  that  the 
larger  the  denominator,  the  greater  is  the  number  of  parts 
into  which  anything  is  divided;  consequently,  the  parts 
themselves  are  smaller,  and  the  value  of  the  fraction  is  less 
for  the  same  number  of  parts  taken.  In  other  words,  \,  for 
example,  is  smaller  than  \,  because  if  an  object  be  divided 
into  9  parts,  the  parts  are  smaller  than  if  the  same  object 
had  been  divided  into  8  parts ;  and,  since  \  is  smaller  than  \, 
it  is  clear  that  7  one-ninths  is  a  smaller  amount  than  7  one- 
eighths,     Hencfe,  also,  f  is  less  than  }. 

74.  The  value  of  a  fraction  is  the  result  obtained  by 
dividing  the  numerator  by  the  denominator;  as,  |  =  2,  {  =  3. 

75.  The  line  between  the  numerator  and  denominator 
means  divided  by,  or  -i-. 

i  is  equivalent  to  3  -i-  4. 
{  is  equivalent  to  fi  -i-  8. 
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70.  The  numerator  and  deHcmtnator  of  a  fraction  are 
called  the  terms  of  a  fraction. 

77.  The  value  of  a  fraction  whose  nutneralor  and  de- 
uamtHaior  are  equal,  is  1. 

J,  or  four-fourths,  =1. 

I,  or  eight-eighths,  =  1. 

■JJ,  or  sixty-four  sixty-fourths,  =  1. 

78.  A  proper  firactlon  is  a  fraction  whose  numerator 
Is  less  than  its  denominator.     Its  value  is  less  than  1 ;  as,  }, 

»,  A- 

79.  An  Improper  fraction  is  a  fraction  whose  numer- 
mtor  equals  or  'n  greater  than  the  denominator.  Its  value  is 
«w  or  more  than  o«/;  as,  J,  \,  ^. 

80.  A  mixed  number  is  a  whole  number  and  a  frac- 
turn  united.  4}  is  a  mixed  number,  and  is  equivalent  to 
4  -|-  f .     It  is  read  four  and  two-thirds. 


SEDUCTION  OP   FRACTIONS. 

SI.  Reduction  of  fractions  is  the  process  of  chang- 
ing their  form  without  changing  their  value. 

82.    K  fraction  is  reduced  to  higher  terms  by  multiplying 
both  terms  of  the  fraction  by  the  same  number.     Thus,  J  is 
reduced  to  I  by  multiplying  both  terms  by  2, 
3^X  2  „« 
4X8       8' 

The  value  is  not  changed,  since  \  =  \.  For,  suppose  that 
an  object,  say  an  apple,  is  divided  into  8  equal  parts.  If 
these  parts  be  arranged  into  4  piles,  each  containing  %  parts, 
it  is  evident  each  pile  will  be  composed  of  the  same  amount 
of  the  entire  apple  as  would -have  been  the  case  had  the 
apple  been  originally  cut  into  4  equal  parts.  Now,  if  one  of 
these  piles  (containing  2  parts)  be  removed,  there  will  be  3 
piles  left  each  containing  2  equal  parts,  or  6  equal  parts  in 
all,  i.  e.,  six -eighths.  But,  since  one  pile,  or  one  quarter, 
was  removed,  there  are  three-quarters  left.     Hence,  J  =  |. 
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The  same  course  of  reasoning  may  be  applied  to  any  similar 
case.  Therefore,  multiplying  both  terms  of  a  fraction  by 
the  same  number  does  not  alter  its  value. 

8  X  2_  6 

4  X  2  ~  8' 

83.  A  fraction  is  reduced  to  lower  terms  by  dividing 
both  terms  by  the  same  number.  Thus,  -^  is  reduced  to  \  by 
dividing  both  terms  by  2. 

£-*-3_  4 

10  ->  a  ~  5' 
That  ii^=  f  is  readily  seen  from  the  explanation  given  in 
Art.  82 ;  for,  multiplying  both  terms  of  the  fraction  f  by  %, 
J  ;  J  =  ^,  and,  if  t  =  iV.  iV  ™ust  equal  \.  Hence,  dividing 
both  terms  of  a  fraction  by  the  same  number  does  not  alter 
its  value. 

84.  A  fraction  is  reduced  to  its  lowest  terms  when  its 
numerator  and  denominator  can  not  be  divided  by  the  same 
number,  as  i,  f,  -f^. 

86.  To  reduce  a  whole  number  or  mixed  num- 
ber to  an  Improper  fraction : 

Example. — How  many  fourths  in  5  7 

Solution.— Since  there  are  ^fourths  in  1  (|  =  1>.  in  6  there  will  be 
6x4  fourths,  or  20  fourths,  5  X  (  =  V.    Ana. 

Example.— Reduce  8}  to  an  improper  fractloo. 

Solution.— 8 xt  =  V-    V  +  i  =  V-    A*** 

86.  Rule  6- — Multiply  the  whole  number  by  the  denom- 
inator of  the  fraction,  add  the  nu  merator  to  the  product ,  ana 
place  the  denominator  under  the  result. 


BXAMPLGS  FOR  PRACTICB. 

Reduce  to 

fractions; 

(«)  »♦■ 
W  HOI. 

Ana. 
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88.  To  reduce  an  improper  fk-actlon  to  a  whole 
or  mixed  nuoiber : 

Example. — Reduce  V  1^  ^  mixed  number. 

Solution. — 1  is  contained  in  21,  S  times  and  1  remaining;  aa  thia  is 
also  divided  by  4,  its  value  is  i.  Therefore,  5  +  j-,  or  St,  is  the  num- 
ber.   Ana. 

89.  Role  7. — Divide  tke  numerator  by  the  denominator; 
the  quotient  will  be  tke  whole  number;  tke  remainder,  if 
there  be  any,  will  be  the  numerator  of  the  fractional  part  of 
•which  tke  denominator  is  the  same  as  the  denominator  of  the . 
improper  fraction.  

BXAMPLBB  FOR  PRACTICB. 

00>     Reduce  to  whole  or  mixed  numbers : 

(")  H«.  r  (")  3H- 

(3)  ifi.  I   (b)  61». 

W  H^  Ana.  J   W  »•»• 

(rf)  4«.  1  {d)  4»>. 

W  H.  (')  *■ 

(/)W- l(/)6. 

91.  A  common  denominator  of  two  or  mere  frac- 
tions is  a  number  which  will  contain  all  of  the  denominators 
of  \^^  fractions  without  a  remainder.  The  least  common 
denominator  is  the  least  number  that  will  contain  all  of 
the  denominators  of  the  fractions  without  a  remainder. 

92.  To  flnd  the  least  common  denominator : 
EXAHPLB. — Find  the  least  common  denominator  of  j,  \,  \,  and  ■^. 
Solution. — We  first  place  the  denominators  in  a  row,  separated  b}' 


2X2X8X8X4  =  144,  the  least  common  denominator.    Ans. 

Explanation. — Divide  each  of  them  by  some  prime  num- 
ber which  will  divide  at  least  two  of  them  without  a  remain- 
der  (if  possible),  bringing  down  those  denominators  to  the  row 
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belov  wbich  will  not  contain  the  divisor  without  a  remain- 
der. Dividing  each  of  the  numbers  by  2,  the  second  row 
becomes  %,  3,  9,  8,  since  2  will  not  divide  3  and  9  without  a  re- 
mainder. Dividing  again  by  2,  the  result  is  1,  3,  9,  i. 
Dividing  the  third  row  by  3,  the  result  is  1,  1,  3,  4.  So 
continue  until  the  last  row  contains  only  I's.  The  product 
of  all  the  divisors,  or  2x2x3x3x1  =  144,  is  the  least 
n  denominator. 


93*     ExAKFLK.— Find  the  least  common  denominator  of  ^,  ^  A- 
Solution,—  8 )  9.  IS.  IB 

S)i,  a.  1 
1.  i,  1 

8x8xSx3  =  M-    Ana. 

94.  To  redtfce  t^vo  or  more  Cractloiui  to  firac- 
tlons  bavins  ^  Gomaioii  deaomlnator  t 

EzAifPLB.— Reduce  },  fi  and  |  to  fractions  baving  a  common  denoml- 

SoLDTiOH. — The  common  denominator  is  a  number  which  will  con- 
tain 8,  4,  and  2.  The  least  common  denominator  is  12,  because  It  is  the 
smallest  number  which  can  be  divided  by  S,  4,  and  3  without  a  remain- 
der. 

l  =  A.l  =  A.i=A- 

Reducing  f ,  8  is  contained  in  12,  4  times.  By  multiplying  both 
numerator  and  denominator  of  I-  by  4,  we  find 

"8  X  4  ~  Ta*  ^^  "'^  ^"^  *"^  ^^  find  I  =  A  *nd  i  =  ^ 

95.  Rule  8. — Divide  tke  common  denominator  by  the 
denominator  of  the  given  fraction,  and  multiply  both  terms  of 
the  fraction  by  the  quotient. 

BXAHPE.BS  FOR  PRACTICE. 

90.     Reduce  to  fractions  having  a  common  denominator: 
W  ».  ».  f  f  («)  1. 1.  ». 

(')  ft.  t.  A-  (*)  A.  H.  A 

W  *.  A.  «■  Ans.      (^'  H.  A.  tt- 

(')  A.  A.  A-  ,        _ 


1    [  vi  ttp  n'  tt- 

(')  U.  A.  tt- 
I  (/}  tt.  tt.  H 
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ADDITION   OP   FRACTIONS. 

97.  Fractions  can  not  be  added  unless  they  have  a  common 
denominator.  We  can  not  add  }  to  ^  as  they  now  stand, 
since  the  denominators  represent  parts  of  different  sizes. 
Fourths  can  not  be  added  to  eighths. 

Suppose  we  divide  an  apple  into  4  equal  parts,  and  then 
divide  2  of  these  parts  into  two  equal  parts.  It  is  evident 
that  we  shall  have  2-one-fourths  and  4  one-eighths.  Now  if 
we  add  these  parts  the  result  is  2  +  4  =  6  something.  But 
what  is  this  something?  It  is  not  fourths,  for  six  fourths 
are  1^,  and  we  had  only  1  apple  to  begin  with ;  neither  is  it 
eighths,  for  six  eighths  are  },  which  is  less  than  1  apple.  By 
reducing  the  quarters  to  eighths,  we  have  }  =  t<  ^^^  adding 
the  other  4  eighths,  4  +  4  =  8  eighths.  The  result  is  cor- 
rect, since  ^=1.  Or  we  can,  in  this  case,  reduce  the 
eighths  to  quarters.  Thus,  4  =  1;  whence,  adding,  2  +  2  = 
4  quarters,  a  correct  result,  since  f  =  1. 

Before  adding,  fractions  should  be  reduced  to  a  common 
denominator,  preferably  the  /east  common  denominator. 

d8>      Example. — Find  the  sum  of  i.  J,  and  |. 

SoLUTiOM. — The  least  common  denotninalor  or   the   least  numier 

which  will  contain  a.11  the  denominators  is  8. 

i  =  f  t  =  (,and»  =  f 

♦  +  4  +  i=*±J^=Y  =  14-     Ans. 

Explanation. — As  the  denominator  tells  or  indicates  the 

names  of  the  ^ar/s,  the  numerators  only  are  added  to  obtain 

the  total  number  ot  parts  indicated  by  the  denominator. 

99.     ExAMPLB.— What  is  the  sum  of  13f,  I4|,  and  7^  ? 
Solution. — The  least  common  denominator  in  this  case  is  16. 
181  =  ISH 

j«w  88-1- (1  =  88+ 1H  =  «*H-    Ans. 
The  sum  of  the  fractions  =  fj  or  1^.  which  added  to  the  sum  of  the 
whole  numbers  =  84^. 
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Example.— What  is  tbt  sum  of  17,  18^.  A.  ^d  Si  7 

Solution.— The  least  common  denominator  is  82.    Ift^  =  IS^.  H  = 

17 
I8A 
A 

_8A 
sum  S3H-    Ana. 
lOO.     Rule  9. — («)  Reduce  the  given  f Tactions  to  frac- 
tions having  the  least  common  denominator,  and  write  the 
sum  of  the  numerators  over  the  common  denominator. 

(*)  When  there  are  mixed  numbers  and  whole  numbers, 
add  the  fractions  first,  and  if  their  sum  is  an  improper  frac- 
tion,  reduce  it  to  a  mixed  number  and  add  the  whole  number 
with  (he  other  whole  numbers. 


BXAHPLBB  FOB  PBACTICB. 

101*     Find  the  sum  of 


(«)  I.  A.  *■ 
(*>  ».  A.  «■ 
W  *.  J.  A 

(')«.A.II-  ^ 

(/)  H.  It.  H. 
(i->  A.  A.  H- 
(■*>  I.  H.  f 

1.    The  weights  of  a  number  of  castings  were  41)if  lb.,  STO^lb., 
1,090  lb.,  75}  lb.,  and  AS(  lb.    What  was  their  toUl  weight  7 

Ans.  1,8471b. 

S.    Pour  bolts  are  required,  ^,  Ij,  3A,  and  1^  inches  long.     How 

long  a  piece  of  iron  will  be  required  to  cut  them  from,  allowing  )-  of  an 

Inch  altogether  for  cutting  off  and  finishing  the  ends  ?        Ans.  9A  >"' 


(■')  !«■ 
«)  111- 
</)H- 
U)  'A- 

(«  1. 


SUBTRACTION   OF   FRACTIONS. 

102.  Fractions  can  not  be  subtracted  without  firat  re- 
ducing them  to  a  common  denominator.  This  can  be  shown 
in  the  same  manner  as  in  the  case  of  addition  of  fractions. 

Example. — Subtract  |  from  \\. 

SOLUTIOM. — The  common  denominator  is  10. 
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103>      EXAKPLK.— Prom  7  Uke  f . 

Sot,UTio»,— 1  =  I ;  therefore,  since  7  =  6  +  1  we  see  that  7  =  6  +  j, 
so  that  6|  - 1  =  «|.    Ans. 

104.  EXAMPLK.— What  la  the  difEerence  between  17^  and  S||  ? 
SoLUTiOK.— The  common  denominator  o£  the  fractions  is  32.    17^  ~ 

"«• 

miHUtnd  17|| 
subtrahend    ft[| 
difftrenct    8^    Ans. 

105.  EXAMPLB.— From  9^  take  4^- 

SoLUTiox. — The  common  denominator  of  the  fractions  is  16.    9^  = 

minuend  9^       %\\ 
subiraAend  4^^  or  4^ 
d^erence  ijl       ijj    Am 
ExpLAKATiOM. — As    the   fraction   in   the    subtrahend   is 
greater  than  the  fraction  in  the  minuend,  it  can  not  be  sub- 
tracted; therefore,  borrow  1,  or  4^,  from  the  9  in  the  minu- 
end and  add  it  to  the  .^ ;  i^  +  4^  =  f|.     -^  from  f^  =  ||. 
Since  1  was  borrowed  irom  9,  8  remains;  4  from  8  =  4;  4  + 

106.  BxA]iPi,E.— From  9  take  8^- 
SoLDTioM. —  minuend  9  8^ 

subtraktnd  %^^  or  8^ 

digger ence    \\        \\    Ans. 

Explanation. — As  there  is  no  fraction  in  the  minuend 

from  which  to  take  the  fraction  in  the  subtrahend,  borrow  1, 

or  II,  from  9.     -^  from  -)-|  =  H-     Sii^ce  1  was  borrowed  from 

9,  only  8  is  left.     8  from  8  =  0. 

107.  Rule  lO. — (a)  Reduce  the  fractions  to  fractions 
having  a  common  denominator.  Subtract  one  numerator 
from  the  other  and  place  the  remainder  over  the  common  de- 
nominator. 

(A)  When  there  are  mixed  numbers,  subtract  the  fractions 
and  whole  numbers  separately,  and  place  the  remainders  side 
by  side. 
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(«)  JVAen  the  fraction  in  the  subtrahend  is  greater  than 
the  fraction  in  the  minuend,  borrow  1  from  the  whole  number 
in  the  minuend  and  add  it  to  the  fraction  in  the  minuend, 
from  which  subtract  the  fraction  in  the  subtrahend. 

(rf)  When  the  minuend  is  a  whole  number,  borrow  1;  re- 
duce it  to  a  fraction  whose  denominator  is  the  same  as  the 
denominator  of  the  fraction  in  the  subtrahend,  and  place  it 
over  that  fraction  for  subtraction. 


BXAHP1.BS  FOB 

PBACTICB. 

108.     Subtract 

M  HiromH- 

(•)». 

(i)  ft  from  H- 

W  A. 

(0  A 'ton  A. 

W  «■ 

^J)  H  from  «. 

Ana. 

(■Oft- 

(•)  «  from  tf 

W  i. 

(/)  18J  from  80J. 

(/)  "1- 

tf)  laj  from  87. 

I.S)  i«. 

(*)  6i  frttm  8a 

wm. 

1.  An  engineer  fonnd  thit  he  bad  on  hand  48}  gallons  of  cylinder 
oil.  During  the  following  week  he  used  f  of  a  gallon  a.  day  for  three 
days,  {  of  a  gaJlon  on  the  fourth  day,  \\  of  a  gallon  on  the  fifth  day, 
and  i  of  a  gallon  on  the  sixth  day.  How  much  oil  remained  at  the  end 
of  the  week  ?  Ans.  48^  gallons. 

2.  The  main  line  shaft  of  a  manufacturing  plant  isrun  by  an  engine 
and  water  wheel.  A  test  of  the  plant  showed  that  the  engine  was 
capable  of  developing  3S1(  H.  P.  (horsepower),  and  the  water  wheel, 
under  full  gate,  67^  H.  P.  It  was  also  found  that  the  machinery 
consumed  210^  H.  P.,  and  the  friction  of  the  shafting  and  belting  was 
8Sif  H.  P.    How  much  power  remained  unused  ?  An&  76|f|  H.  P. 


MULTIPLICATION   OP  FRACTIONS. 
108>     In  multiplication  of  fractions  it  is  not  necessary  to 
reduce  the  fractions  to  fractions  having  a  common  denomi- 
nator. 

1  lO.     Multiplying  the  numerator  or  dividing  the  denom- 
inator  multiplies  the  fraction. 
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BxAXPLB. — Multiply  S  X  4. 
Solution. — 

*X4=|^*=V  =  8.    Ana. 
or,    (x4=-|^^=t  =  8-    Aas. 

The  word  "of"  in  multiplication  of  fractions  means  the 
same  as  x ,  or  times.     Thus, 

J  of  4  =  4x4  =  3. 

iof  A  =  4XTV  =  Th- 
EzAimA. — Uultiply  |  by  3. 
SoLOTiOK.—  jxa=|*^''  =  f  =  »,    Ana. 

or.    tx8=|-^g=J.    Ans. 
111.     EzAiiPLB.—'What  is  the  product  of  -f,  and  {  ? 
16  X  8 


or,  by  cancelation,      ■■  v  ■  «  ~  ,      „  =  A-     An* 


112.     EXAKPLB,— What  is  }  of  t  of  H  ? 


A     Ana. 


113.  EZAMPLB.— Wliat  Is  the  product  of  Sf  and  5|  ? 

SOUTTIOM,—  »|  =  V;  B(  =  V- 

VXV  =  -?-J-f-  =  4i*  =  MH-    Ans. 

114.  ExAifPLB.— Multiply  IS}  by  8. 

SOLDTIOH. —  16}  15j 

8    or      8 
47(         4B  +  V=4B  +  2(  =  47t.    Ana. 

115.  Rule  11. — («)  Divide  the  product  of  Ike  numera- 
tors by  the  product  of  the  denominators.  Alt  factors  common 
to  the  numerators  and  denominators  should  first  be  cast  out 
by  cancelation. 
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(6)  To  multiply  one  mixed  number  by  another,  reduce  them 
both  to  improper  fractions. 

(c)  To  multiply  a  mixed  number  by  a  whole  number,  first 
multiply  the  fractional  part  by  the  multiplier,  and  if  the 
product  is  an  improper  fraction,  reduce  it  to  a  mixed  number 
and  add  the  whole  number  part  to  the  product  of  the  multi- 
plier and  whale  number. 

EXAMPLES  FOR  PBACTICB. 

116.  FindtheprodJictof 

{«)  7XA-  [(«)  lA- 

(*)  14  X  A-  W  *«- 

(0  HxA>  if)  H- 

('')«x4.  A-. .  (d)m- 

W  Hxl.  M  7A. 

(^)iHX82.  (^)1B. 

{A)  4J  X  14.  L  W  74. 

I.  A  single  belt  can  transmit  I07|  H.  P.,  but  as  it  is  desired  to  use 
more  power,  a  double  belt  of  the  same  width  is  substituted  for  it. 
Supposing  the  double  belt  to  be  capable  of  transmitting  1^  as  much 
power  as  the  ungle  belt,  how  many  H.  P.  can  be  used  after  the 
change  ?  Ans.  158H  H.  P. 

3.  What  is  the  weight  of  2}  miles  of  copper  wire  weighing  6ft 
pounds  per  100  feet  ?    There  are  S,280  feet  in  a  mile. 

Ans.  TOm  pounds. 

6.  The  grate  of  a  steam  boiler  contains  30^  square  feeL  If  the 
boiler  burns  S^  pounds  of  coal  an  hour  per  square  foot  of  grate  area, 
and  can  evaporate  7^  pounds  of  water  an  hour  per  pound  of  coal 
burned,  how  many  pounds  of  water  are  evaporated  by  the  boiler  in 
1  hour?  Ans.  1,378|  pounds. 

DIVISION    OF    FRACTIONS. 

117.  In  division  of  fractions  it  is  not  necessary  to 
reduce  the  fractions  to  fractions  having  a  common  denomi- 
nator. 

lis.  Dividing  the  numerator  or  multiplying  the  de- 
nominator divides  the  fraction. 
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EZAMPLS.— Divide  |  bjr  S. 

SoLPTiOM.— When  dividing  the  numtralor,  we  have 

When  multiplying  the  denominator,  we  have 

ExAiipi,B.— Divide  A  by  2. 

SoLUTioM.—  VV  +  9  =  -^j(a  =  A-    Ana. 

EXAMPLK.— Divide  11  by  7. 

SoLnTiOM.-      H  +  7  =  -g-*'''  =  A  =  A.    Ans. 

119.  To  Invert  a  fraction  is  to  turn  it  upside  down; 
that  is,  make  tlie  numerator  and  denominator  change  places. 

Invert  J  and  it  becomes  \. 

1 20.  ExA><PLK.~Divide,A  by  A- 

SoLUTioif.— 1.  The  fraction  -ft  is  contained  in  ^„  3  times,  for  the 
denominators  are  the  same,  and  one  numtrator  is  contained  in  the 
other  8  times.  3.  If  we  now  invert  the  divisor,  -ff,  and  multiply, 
the  Bolntion  b 

This  gives  the  same  quotient  as  in  the  first  case. 

121.  EXAVPLE.— Divide  |  by  f 

Solution. — We  can  not  divide  {  by  ^,  as  in  the  first  case  above,  for 
the  denominators  are  not  the  same;  therefore,  we  must  solve  as  in  the 
second  case. 

I  +  i  =  I  X  t  =  1^  =  I  or  li.  .  Ans. 
2 

1 22.  Example.— Divide  5  by  ^. 
Solution. — ^  inverted  becomes  ^J, 
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1 23*     Example.— How  many  times  la  Sf  contained  In  7^  ? 
Solution.—  S}  =  i^ ;  7^  =  W- 

V'  inTcrted  becomes  ^. 


124.  Rule  12. — Invert  the  divisor  and  proceed  as  in 
multipiicatum, 

1 25.  We  have  learned  that  a  line  placed  between  two 
numbers  indicates  that  the  number  above  the  line  is  to  be 
divided  by  the  number  below  it.  Thus,  ^  shows  that  18  is 
to  be  divided  by  3.  This  is  also  true  if  a  fraction  or  a 
fractional  expression  be  placed  above  or  below  a  line. 

X  means  that  9  is  to  be  divided  by  f  ;  means  that 

8  X  7  is  to  be  divided  by  the  value  of  — g-- 
I  is  the  same  as  i-=- J. 

It  will  be  noticed  that  there  is  a  heavy  line  between  the  9 
and  the  f.  This  is  necessary,  since  otherwise  there  would 
be  nothing  to  show  whether  9  is  to  be  divided  by  f ,  or  ^ 
by  8.  Whenever  a  heavy  line  is  used,  as  in  the  above  case, 
it  indicates  that  all  above  the  line  is  to  be  divided  by  all 
belvw  it. 

BZAMPI.BS  FOB  PBACTICB. 

126.  Divide 

(a)  ISbyef  f  {«)  H- 

(S)  80  by  |.  {&)  40. 

(0  178  by  J.  (c)  916. 

(rf)«bylA.  f^_    (rf)Hf 

M  i|i  by  14f  {*)  IH- 

C/)Wbyl7|.  (J)i^ 

(.f>MbyW-  (*->^ 

{-*)  W  by  7SSi.  I  (A)  M- 

1.  A  |-inch  boiler  plate  containing  M  square  feet  of  surface  wetgfai 
S6>iV  pounds.    Wbat  is  its  weight  per  square  foot  ?  Ans.  IS^  pooodt. 
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i.  A  ceruin  b^er  haa  097}  square  feet  of  heating  Bur&ce,  which  Is 
equal  to  S5  times  the  area  of  the  grate.  What  is  the  area  of  the  grate 
In  square  feet  ?  Ana.  SSft}  square  feeC 

S.  If  the  distance  around  the  rim  of  a  locomotive  drive  wheel  is 
IS]^  feet,  how  many  revolutions  will  the  wheel  malte  In  traveling  682 
feet  ?  Ana.  53^  revolutions. 

127.  Whenever  an  expression  like  one  of  the  three 
following  ones  is  obtained,  it  may  always  be  simplified  by 
transposing  the  denominator  from  adeve  to  de/t>w  the  line, 
or  from  Aelow  to  above,  as  the  case  may  be,  taking  care, 
however,  to  indicate  that  the  denominator  when  so  trans- 
ferred is  a  multiplier. 

^'     o  ~  Q Z  ~  A  ~  A  >  ^°^'  regarding  the  fraction  above 

the  heavy  line  as  the  numerator  of  a  fraction  whose  de- 

nominator  is  9,  ^      .  =  .       . ,  as  before, 

2_  ^  —  f-^  ■  =  12.  The  proof  is  the  same  as  in  the  first 
case. 

3,     I  = 5  =  (f  ;   for,   regarding  -f  as  the  numerator 

of  a  fraction  whose  denominator  is  }.  I„  9=3  y  o'  *"** 
6      X4       5X4^  -T- 

3X9  -  3  X  9      "' 

4      '^ 
This  principle  may  be  used  to  great  advantage  in  cases  like 

ix310xHx78      Reducing  tlie  mixed  numbers  to  frac- 

40  X  4i  X  61  * 

.■  .1.  v  t  X  310  X  H  X  n  „ 

tions,   the    expression    becomes  = *  ^ — .  Now 

transferring  the  denominators  of  the  fractions  and  canceling. 


1  X  810  X  27  X  7 


P       g        i  8 


40x9x81x4x12      -        0xfx^^x^xff 


T  =  l»»- 


2 
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Greater  exactness  in  results  can  usually  be  obtained  by 
using  this  principle  than  can  be  obtained  by  reducing  the 
fractions  to  decimals.  The  principle,  however,  should  not 
be  employed  if  a  sign  of  addition  or  subtraction  occurs  eitker 
above  or  below  the  dividing  line. 


DECIMALS. 

1 38.  Dectmalft  are  tenth  fractions  ;  that  is,  the  parts 
of  a  unit  are  expressed  on  the  scale  of  ten,  as  tenths,  hun- 
dredths, thousandths,  etc. 

1 29.  The  denominator,  which  is  always  ten  or  a  multiple 
of  ten,  as  10,  100,  1,000,  etc.,  is  not  expressed  as  it  would  be 
in  common  fractions,  by  writing  it  under  the  numerator, 
with  a  line  between  them;  as,  ^,  -j-jj,  y^^.  The  denomi- 
nator is  always  understood,  the  numerator  consisting  of  the 
figures  on  the  right  of  the  unit  figure.  In  order  to  distinguish 
the  unit  figure,  a  period  (.),  called  the  decimal  point, 
is  placed  between  the  unit  figure  and  the  next  figure  on  the 
right.  The  decimal  point  may  be  regarded  in  two  ways  : 
first,  as  indicating  that  the  number  on  the  right  is  the  nu- 
merator of  a  fraction  whose  denominator  is  10,  100, 1,000,  etc. ; 
and,  second,  as  a  part  of  the  Arabic  system  of  notation, 
each  figure  on  the  right  being  10  times  as  large  as  the  next 
succeeding  figure,  and  10  times  as  small  as  the  next  prece- 
ding figure,  serving  merely  to  point  out  the  unit  figure. 

130.  The  reading  of  a  decimal  number  depends  upon  the 
number  of  decimal  places  in  it,  or  the  number  of  figures  to 
the  right  of  the  unit  figure. 

The  first  figure  to  the  right  of  the  unit  figure  expresses 
tenths. 

The  second  figure  to  the  right  of  the  unit  figure  expresses 
hundredths. 

The  third  figure  to  the  right  of  the  unit  figure  expresses 
thousandths. 

The  fourth  figure  to  the  right  of  the  unit  figure  expresses 
ten-  thousandths. 

The  fifth  figure  to  the  right  of  the  unit  figure  expresses 
hu  ndred-  thousandths. 
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The  sixth  figure  to  the  right  of  the  unit  figure  expresses 
millionlks. 
Thus: 

.3  =       ^       =  3  tenths. 

.03  =      -i^      =  3  hundredths. 

.003        =     y^     =  3  thousandths. 
.0003     =     nfrr  =  3  ten-thousandths. 
.00003    =  ttAtt  =  3  hundred-thousandths. 
.000003  =  mgYgnn  =  3  millionths. 
The  first  figure  to  the  right  of  the  unit  Bgure  is  called  the 
^rst  decimal  place ;  the  second  figure,  the  second  decimal 
place,  etc.     We  see  in  the  above  that  the  number  of  decimal 
places  in  a  decimal  equals  the  number  of  ciphers  to  the  right 
of  the  figure  1  in  the  denominator  of  its  equivalent  fraction. 
This  fact  kept  in  mind  will  be  of  much  assistance  in  reading 
and  writing  decimals. 

Whatever  may  De  written  to  the  left  of  a  decimal  point  is 
a  whole  number.  The  decimal  point  affects  only  the  figures 
to  its  right. 

When  a  whole  number  and  decimal  are  written  together, 
the  expression  is  a  mixed  number.  Thus,  8.13  and  17.2$are 
mixed  numbers. 

The  relation  of  decimals  and  whole  numbers  to  each  other 
is  clearly  shown  by  the  following  table  : 

si  ^     - 

.2  g    «  -a  J 

1    S        I    i  .:  ^'1^1 

.2  i  S  j^g5  3 

|'S.i|'S||^i^S|||||S 

j3£S-i3*JMja4-iS'a4->.C4-><->TcE'^.a 
98766    4331.23156769 

The  figures  to  the  left  of  the  decimal  point  represent  whole 
numbers ;  those  to  the  right  are  decimals. 

In  both  the  decimals  and  whole  numbers,  the  units  place 
is  made  the  starting  point  of  notation  and  numeration.     The 
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decimals  decrease  on  the  scale  of  ten  to  the  right  and 
the  wkoU  numbers  increase  on  the  scale  of  ten  to  the  /eft. 
Tht  first  figure  to  the  left  of  units  is  tens,  and  the  first  figure 
to  the  right  of  units  is  tenths.  The  second  figure  to  the  left  of 
units  is  hundreds,  and  the  second  figure  to  the  right  Is  hun- 
dredths.  The  third  dgure  to  the  left  is  thousands,  and  the 
third  to  the  right  is  thousandths,  and  so  on  ;  theaf/w/^num- 
bers  on  the  left  and  the  decimals  on  the  r/jfA/.  The  figures 
equally  distant  from  units  place  correspond  in  name.  The 
decimals  have  the  ending  ths,  which  distinguishes  them  from 
whole  numbers.  The  following  is  the  numeration  of  the 
number  in  the  at>ove  table  :  Nine  hundred  eighty-seven 
million,  six  hundred  fifty-four  thousand,  three  hundred 
twenty-one,  and  twenty-three  million,  four  hundred  fifty- 
six  thousand,  seven  hundred  eighty-nine  hundred  millionths. 
The  decimals  increase  to  the  left  on  a  scale  of  ten,  the 
same  as  whole  numbers,  for  if  you  begin  at  ^-thousandths, 
in  the  table,  you  see  that  the  next  figure  is  hundredths, 
which  is  ten  times  as  great,  and  the  next  tenths,  or  ten  times 
the  hundredths,  and  so  on  through  both  decimals  and  whole 
numbers. 

131.  Annexing  oi  taking  away  a  cipher  at  the  right  of 
a  decimal  does  not  affect  its  value. 

.5  is  -f^;  .50is^,  but  -h  =  -fA',  therefore,  .5  =  .60. 

132.  Inserting  a   cipher  between   a   decimal   and  the 
decimal  point  divides  the  decimal  by  10. 

1 33.  Taking  away  a  cipher  from  the  left  of  a  decimal 
multiplies  the  decimal  by  10. 

.05  =  t8t;  T4TrXlO  =  -^  =  .6. 


ADDITION    OP    DECIMALS. 

134.  The  only  respect  in  which  addition  of  decimals 
differs  from  addition  of  whole  numbers  is  in  the  placing  of 
the  numbers  to  be  added. 

Whole  numbers  begin  at  units  and  increase  on  the  scale 
of  10  to  the  left.     Decimals  decrease  on  the  scale  of  10  to 


.dbyGoogle 


KiHult 

mixni  Htmiert 

343 

343.033 

4834 

4334.5 

36 

86.6783 

03 

3.06 
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the  right.  Whole  numbers  are  to  the  left  of  the  decimal 
point  and  decimals  are  to  the  right  of  it.  In  whole  numbers 
the  right  hand  side  of  a  column  of  figures  to  be  added  must 
be  in  line,  and  in  decimals  the  left  hand  side  must  be  in 
line,  which  brings  the  decimal  points  directly  under  each 
other. 


343 
4234 


sum  4605  Ans.         sum  1.0564  Ans.  sum  4606.2703  Ans. 

135.     EXAMPLB.— What  b  the  sum  of  242,  .86,  liaT2B.  1.006,  «. 
and  100.17 

SOLUTIOK.—  S42. 


100.1 

sum  466.100    Ans. 

136.     Rule  13. — Place  the  numbers  to  be  added  so  that 

the  decimal  points  will  be  directly  under  each  other.     Add  as 

in  whole  numbers,  and  place  the  decimal  point  in  the  sum 

directly  under  the  decimal  points  above. 


BXAHPE.BS  FOR  PRACTICE. 

1  37.     Find  the  sum  of 
{a)  .iiiS,  .105,  2.8042.  and  1.1417. 
iS)  7B3.5,  21.478,  .2101,  and  .7816. 

(c)  21.781,  188.72,  41.8788,  .72,  and  1.418. 

(d)  .3724,  104.15,  21.417,  and  100.042. 
{e)  200.172,  14105,  12.146B,  .705.  and  7.2. 

if)  1.427.16.  .244,  .82,  .082,  and  10.0041. 
{g)  2,473.1.  41.65.  .7248,  104.067,  and  2I.07a 
(*)  4,107.3,  .00375,  S1.716,  410.072,  and  .0845. 
1. 

ring,  and  yoke,  270.84  lb.;    stays,  etc,  1,089.4 lb. 


(a)  8.76S2. 

(fi)  80S.B647. 

{c)  204.5078. 
(d)  225.9814. 

(«)  234.3385. 
(/)  1,437.7601. 
(g)  2,840.6143. 

{A)  4,580.02625. 
1  tubular  boiler 
nanhole  cover, 

steam  noizles. 
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236.07  lb. ;  handhole  covers  and  yokes,  120.36  lb. ;  feed  pipe,  84 7S  lb. ; 
boiler  supports,  850.6  lb.  What  was  tbe  total  estimated  weight  of  the 
boiler  ?  Ads.  9.391.91  lb. 

2.  A  bill  for  engine  room  supplies  had  the  following  items:  1  waste 
can,  $8.80;  20  feet  of  4-inch  belting.  $11.20;  1  pipe  wrench,  11.65;  12 
pounds  of  waste,  $0,84;  S  gallons  of  cylinder  oil,  $8.75;  20  gallons  of 
machine  oil,  $24.     How  much  did  tbe  bill  amount  to  ?         Ans.  $54.74. 

StJBTRACTlON   OF   DECIMALS. 
138.     For  the  same  reason  as  in  addition  of  decimals, 
the  /e/t  hand  figures  of  decimal  numbers  are  placed  in  line 
and  the  decimal  points  under  each  other. 
Example.— Subtract  .133  from  .306a 
Solution.  —  minueitd  .3063 

subtrahend  .132 
difference  .174  3    Ana. 
1 39>     Example.— What  is  tbe  difference  between  7.896  and  .795  ? 
Solution. —  minuend  7.8  9  6 

svbtrakend    .7  35 
difference  7.170  or  7.17  Ans. 

140.  Example.— Subtract  .636  from  11. 
Solution.— 

difference  10,876 

141.  Rul«  14. — Place  the  subtrahend  under  the  minu- 
end, so  that  the  decimal  points  will  be  directly  under  each 
other.  Subtract  as  in  whole  numbers,  and  place  the  decimal 
point  in  the  remainder,  directly  under  the  decimal  points  above. 

When  the  figures  in  the  decimal  part  of  the  subtrahend 
extend  beyond  those  in  the  minuend,  place  ciphers  in  the 
minuend  above  them  and  subtract  as  before. 


BXAMPLBB  FOR  PBA.CTICB. 

142.     From 
(a)  407.885  take  385.0004.  f  (a)  172.8846. 

{*>  33.718  take  1.7043.  ^^  J   (b)  21.0188. 
(c)  1,868.17  Uke  18.6817.  )   (c)  1,354.4888. 

(d)  70.00017  take  7.000017.  [  (^)  63.000158. 
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(«)  68a680take.S304.  f  (e)  629.9000. 

(/)  4S1.78  Uke  817.162.  a^  J  (/)  !»*.6«8. 

(f )  1.000014  Uke  .00001.  |  (^ )  1.000001. 

<^)  .788SR3  Uke  .642814  [  (A)  .241888. 

1.  If  the  temperature  of  steam  at  8  pounds  pressure  is  237.964 
degrees,  and  at  100  pounds  pressure  887.874  degrees,  how  many  degrees 
warmer  is  the  steam  at  the  higher  pressure?  Ans.  109.91  degrees. 

2.  The  outside  diameter  of  Sf-inch  wrought-iron  pipe  is  2.67 
inches  and  the  inside  diameter  2.46  inches.    How  thick  is  the  pipe  7 

Ans.  .41  +  3  =  .306  inch. 

&  In  a  cistern  that  will  hold  S3S.S  barrels  of  water  there  are  178.S35 
barrels.     How  much  does  it  lack  of  being  full  ?     Ans.  147.875  barrels. 

4.  A  wrought-iron  rod  is  8.5S  inches  in  diameter.  What  must  be 
the  thickness  of  metal  turned  oS  so  that  the  rod  will  be  2.495  inches  in 
diameter  ?  Ans.  .035  -^  2  =  .0175. 


MULTIPLICATION    OF   DECIMALS. 
143.     In  multiplication  of  decimals,  we  do  not  place  the 
decimal  points  directly  under  each  other  as  in  addition  and 
subtraction.     We  pay  no  attention  for  the  time  being  to  the 
decimal  points.    Place  the  multiplier  under  the  multiplicand, 
so  that  the  rigki-kand  figure  of  the  one  is  under  the  right- 
hand  figure  of  the  other,  and  proceed  exactly  as  in  multipli- 
cation of   whole    numbers.     After  multiplying,   count  tht 
number  of  decimal  places  in  both  multiplicand  and  multiplier^ 
and  point  off  the  same  number  in  ike  product. 
EXAMPLB.— Multiply  .885  by  18. 
Solution.—       multiplicand       .8  25 
multiplier  1 8 

2475 
83H 
product    10.726    Ans. 

In  this  example  there  are  three  decimal  places  in  the  mul- 
tiplicand and  none  in  the  multiplier;  therefore,  3  decimal 
places  are  pointed  off  in  the  product. 
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1 44.  BxAHPLB.— What  is  the  product  of  426  and  the  decimal .  006  7 
Solution.  —         multiplicand      *  3  6 

mult^lier      .OOS 

product    3.1S0ora.l8    Ana. 

In  this  example  there  are  3  decimal  places  in  the  multi- 
plier and  none  in  the  multiplicand;  therefore,  3  decimal 
.  places  are  pointed  off  in  the  product. 

145.  It  is  not  necessary  to  multiply  by  the  ciphers  on  the 
left  of  a  decimal;  they  merely  determine  the  number  of  deci- 
mal places.  Ciphers  to  the  right  of  a  decimal  should  be  re- 
moved, as  they  only  make  more  figures  to  deal  with,  and  do 
not  change  the  value. 

146.  BXAMPi^— Multiply  1.905  by  1.1& 
SoiUTiOH.—      multiplicand         1,3  06 

multiplier  1.16 

QOSS 
ISOS 
1200 


Product    1.3  8  S  7  0    Ans. 
In  this  example  there  are  3  decimal  places  in  the  multi- 
plicand, and  2  in  the  multiplier,  therefore  3  +  2,  or  6,  deci- 
mal places  must  be  pointed  off  in  the  product. 

147.  EXAMPLB.— Multiply  .232  by  .001. 
SomriOiF. —  multiplicand  .382 

multiplier  .001 

product  .000232  Ana, 
In  this  example  we  multiply  the  multiplicand  by  the  digit 
in  the  multiplier,  which  makes  232  in  the  product,  but  since 
there  are  3  decimal  places  in  each,  the  multiplier  and  the 
multiplicand,  we  must  prefix  3  ciphers  to  the  232,  to  make 
3  +  3,  or  6,  decimal  places  in  the  product. 

148.  Rule  15. — Place  the  multiplier  under  the  muUipli' 
cand,  disregarding  the  position  of  the  decimal  points.  Mul- 
tiply as  in  whole  numbers,  and  in  the  product  point  off  as 
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^Mny  decimal  places  as  there  are  decimal  places  in  both  mul- 
tiplier  and  multiplicand,  prefixing  ciphers  if  necessary. 


BXAMPLBS  FOR  PRACTICB. 

1 49.     Find  the  product  ot 

(a)  .000493  X4-141&  f  (a)  .O020877«6«. 

(b)  4,008.2x1.2.  (6)  4,803.84 

(c)  78.6681  X1.0&  (f)  ei.oiaaoa 

id)  .8685  X  .042.  4  (rf)  .015477. 

(e)  178,363  X. 01.  M  1,783.52. 
if)  .00046 X. 0046.                                               (/)  .000008025. 

(f)  .714x.0000ai.  (g)  .00001428. 
(A)  .00004  X  .008.                                              I  (<()  .00000083. 

1.  Tb«  stroke  ot  an  engine  was  found  by  measurement  to  be  3.967 
feet.    Bow  nunjr  feet  will  the  cross-liead  pass  over  in  000  revolutions! 

Ana  8.5844  feet 

2.  If  a  steam  pump  delivers  2.86  gallons  of  water  per  stroke  and 
runs  at  61  strokes  a  minute,  how  many  gallons  of  water  would  it  pump 
ineS^minutes?  Ans.  7,180.645 gallons. 

8.  Wishing  to  obtain  the  weight  of  a  connecting-rod  from  a 
drawing,  it  was  calculated  that  the  rod  contained  2948  cubic  inches  of 
wrought  iron,  63.6  cubic  inches  of  brass,  and  10.4  cubic  inches  of 
babbitt.  Assuming  the  weight  of  wrought  iron  to  be  .278  pound  per 
cubic  inch,  of  brass  .808  pound,  and  of  babbitt  .264  pound,  what  was  the 
weight  of  the  rod  ?  Ans.  108.94  pounds. 


DIVISION  OF  DECIMALS. 
X50<  In  divisioD  of  decimals  we  pay  no  attention  to  the 
decimal  point  until  after  the  division  is  performed.  The 
number  of  decimal  places  in  the  dividend  must  equal  {be  made 
to  equal  by  annexing  ciphers)  the  number  of  decimal  places  in 
the  divisor.  Divide  exactly  as  in  whole  numbers.  Subtract 
the  number  of  decimal  places  in  the  divisor  from  the  number  of 
decimal  places  in  the  dividend,  and  point  off  9a  many  decimal 
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places  in  the  quotient  as  there  are  units  in  the  remainder  thus 
found. 
ExAKFLB.— Divide  .825  by  3S. 

JaitMr  dtoiileHd  qagtitut 

SoLUTiOH. —  2S).S25(.0  2S    AnA. 


r*mai*der      0 

In  this  example  there  are  no  decimal  places  in  the  divisor, 
and  3  decimal  places  in  the  dividend;  therefore,  there  are  3 
minus  0,  or  3,  decimal  places  in  the  quotient.  One  cipher 
has  to  be  prefixed  to  the  25,  to  make  the  3  decimal  places. 

151<     ExAMPLB.— Divide  6.085  by  .OS. 

divisar    4ivldtnd   qtutitnl 

ScHfUTiOH.—  .0  5  )  6.0  8  6  ( 1  3  0.7    Abb. 


rtmat'rtder    0 
In  this  example  we  divide  by  5,  as  if  the  cipher  were  not 
before  it.     There  is  one  more  decimal  place  in  the  dividend 
than  in  the  divisor ;  therefore,  one  decimal  place  is  pointed 
off  in  the  quotient. 

1 52.     EXAHPLB.— Divide  .185  by  .OOS. 

divisor  4ividttni  guatttnt 

Solution.—  .0  0S).185(2S    Ans. 


remainder    0 

In  this  example  there  aie  the  same  number  of  decimal 
places  in  the  dividend  as  in  the  divisor ;  therefore,  the  quo- 
tient has  no  decimal  places,  and  is  a  whole  number. 
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1 53.     ExAHPLR.— Divide  826  by  .26. 

diviter    dnidtnd  gtietitmt 
SOLVTiOH.—  .35)826.00(1804    Ans. 


rematnder     0 
In  this  problem  two  ciphers  were  annexed  to  the  dividend, 
to  make  the  number  of  decimal  places  equal  to  the  number 
in  the  divisor.     The  quotient  is  a  whole  number. 

1 54.  ExAHPLE.— Divide  .0035  hy  1.S5. 
SOLITTIOK.—  1.8  6  )  .0  0  3  5  0  (  .0  0  S    Ana. 

250 
rtmaindtr  0 
Explanation. — In  this  example  we  are  to  divide  .0036  by 
1.35.  Consider  the  dividend  as  a  whole  number,  or  35  {dis- 
regarding the  two  ciphers  at  its  left,  for  the  present) ;  also, 
consider  the  divisor  as  a  whole  number,  or  125.  It  is  clearly 
evident  that  the  dividend  35  will  not  contain  the  divisor  135; 
we  must,  therefore,  annex  one  cipher  to  the  25,  thus  making 
the  dividend  250.  135  is  contained  twice  in  250,  so  we  place 
the  figure  2  in  the  quotient.  In  pointing  off  the  decimal 
places  in  the  quotient,  it  must  be  remembered  that  there 
were  only  four  decimal  places  in  the  dividend;  but  one 
cipher  was  annexed,  thereby  making  4  +  1,  or  5,  decimal 
places.  Since  there  are  5  decimal  places  in  the  dividend  and 
3  decimal  places  in  the  divisor,  we  must  point  off  5  —  2,  or  3, 
decimal  places  in  the  quotient.  In  order  to  point  off  3  deci- 
mal places,  two  ciphers  must  be  prefixed  to  the  figure  3, 
thereby  making  .002  the  quotient.  It  is  not  necessary  to 
consider  the  ciphers  at  the  left  of  a  decimal  when  dividing, 
except  when  determining  the  position  of  the  decimal  point  in 
the  quotient. 

155.  Rule  16. — {«)  Place  the  divisor  to  tke  left  of  the 
dividend  and  proceed  as  in  division  of  whole  numbers,  and  in  the 
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quotimt,  point  off  as  many  decimal  places  as  the  nupn^er  of 
decimal  places  in  the  dividend  exceed  those  in  the  divisor,  pre- 
fixing ciplters  to  the  quotient,  if  necessary. 

(6)  If  in  dividing  one  number  by  another  there  be  a  re- 
tnainder,  the  remainder  can  be  placed  over  the  divisor,  as  a 
fractional  part  of  the  quotient,  but  it  is  generally  better  to 
annex  ciphers  to  the  remainder,  and  continue  dividing  until 
there  are  S  or  U  decimal  places  in  the  quotient,  and  then  if 
there  still  be  a  remainder,  terminate  tite  quotient  by  the  plus 
sign  (4-),  which  shows  that  it  can  be  carried  further. 

1 56.     ExAHPLB.— What  is  the  quotient  of  1B9  divided  by  Uf 

Solution.—  1S)1SS(18-|-A   Ana. 


remainder     4 
Or,       16>l»8,000(l&»6e  + 


100 

90 

remainder      1 0 

It  very  frequently  happens  as  in  the  above  example, 
that  the  division  will  never  terminate.  In  such  cases,  de- 
cide to  how  many  decimal  places  the  division  is  to  be  carried, 
and  carry  the  work  one  place  further.  If  the  last  figure  of 
the  quotient  thus  obtained  is  5  or  a  greater  number,  increase 
the  preceding  figure  by  1,  and  write  after  it  the  minus  si^ 
(— ),  thus  indicating  that  the  quotient  is  not  quite  as  large 
as  indicated ;  if  the  figure  thus  obtained  is  less  than  5,  write 
the  plus  sign  (-(-)  after  the  quotient,  thus  indicating  that 
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the  number  is  slightly  greater  than  as  indicated.  In  the  last 
example,  had  it  been  desired  to  obtain  the  answer  correct  to 
four  decimal  places,  the  work  would  have  been  carried  to 
five  places,  obtaining  13.36(566,  and  the  answer  would  have 
been  given  as  13.2667—.  This  remark  applies  to  any  other 
calculation  involving  decimals,  when  it  is  desired  to  omit 
some  of  the  figures  in  the  decimal.  Thus,  if  it  is  desired  to 
retain  three  decimal  places  in  the  number  .2471253,  it  would 
be  expressed  as  .247+  ;  if  it  was  desired  to  retain  five 
decimal  places,  it  would  be  expressed  as  ,24713  — .  Both  the 
-|-  and  —  signs  are  frequently  omitted  ;  they  are  seldom 
used  outside  of  arithmetic,  except  in  exact  calculations, 
whea  it  is  desired  to  call  particular  attention  to  the  fact 
that  the  result  obtained  is  not  quite  exact. 


BXAMPI.BS  FOB  PRACTICB. 

1 57.      Divide 

(a)  101.6688  by  S.86.  r(<i)48.0§. 

(i)   187.12284  by  138.107.  (i)   1.(8. 

(<:)   .08  by  .008.  (<:)   Itt 

(rf)  .ooos  by  a7(t  A^    (rf).ooooa 

(«)  .0144  by  .024.  (^)  .6. 

(/)  .0087S  by  1.28.  {/)  .008. 

{^)  .004  by  400.  l^)  .00001. 

{*>  .4  by  .006.  [(A)  BO. 
1.     In  a  steam  engine  t«st  of  an  hour's  duration,  the  horsepower 
developed  was  found  to  be  as  follows,  at  10-minute  intervals  :  2fi.T3, 
25.04,   26.18,  25.08,   24.20,  S6.T,  26.34.  What  was  the  average  horse- 
power? Ans.   26. 6B86,  average. 


2.    There  are  81. S  gallons  in  a  barreL    How  many  barrels  are  there 
in  2,787.75  gallons  7  Ans.  88.5  barrels. 

8.     A  car  load  of  18.76  tons  of  coal  cost  >80.75.     How  much  was  it 
worth  per  ton  I  Ans.  $3.24  per  ton. 

4.    A  keg  of  -ff  by  If-inch  boiler  rivets  weighs  100  pounds  and 
contaioa  S9S  rivets.    What  is  the  weight  of  one  of  the  rivets  ? 

AnB.  .166  pound. 
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TO  REDUCE  A  FRACTION  TO  A  DECIMAL. 


1 58<     ExAKPi^.— t  equals  what  decimal  I 
Solution.—  4)8.00        ._  71. 


EXAMPLK.— What  dechnal  is  equal  to  |? 
Solution.—  8 )  7.0  0  0(.8  76 


5  S       or  {  =  .87(L    Ana. 


159.  Rule  17,— Anmx  ciphers  to  the  numerator  and 
divide  by  the  denominator.  Point  off  as  many  decimal 
places  Iff  the  quotient  as  there  are  ciphers  annexed. 

BZAMPI.BB  FOR  PKACTICB. 

lOCk     Reduce  the  following  common  fractions  to  decimals; 
(o)H.  f  (a)  ,46875. 

(i)  J.  (i)  .875. 

W  H-  (0   wwas. 

(rf)H-  Ans.      C'J-^^STS. 

(e)  A.  (<■)  .16. 

{/)  ».  (/)  .686. 

{£)  M.  {*■)  M- 

(A)iAi-  |.(A).004. 

161.     To   reduce   Inches  to  decimal  parts  of  a 

foot  I 

ExAKPLB.— What  decimal  part  of  a  foot  is  B  inches  ? 
Sol UTioM.— Since  there  are  13  inches  in  one  foot,  1  inch  Is  ^  of  a 
foot,  and  9  inches  is  Q  x  iif  or  ^  of  a  foot    This  reduced  to  a  decimal 
by  the  above  rule,  shows  what  decimal  part  of  a  foot  0  inches  is. 
ia)S.OO(.TSofafooL    An*. 
84 

~eo 
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162.  Rule  18. — («)  To  reduce  inches  to  decimal  parts 
of  a  foot,  divide  the  number  of  inches  by  12. 

(6)  Should  the  resulting  decimal  be  an  unending  one  and  it 
is  desired  to  terminate  the  division  at  some  point,  say  the 
fourth  decimal  place,  carry  the  division  one  place  farther, 
and  if  the  fifth  figure  is  6  or  greater,  increase  the  fourth 
figure  by  one  and  omit  the  sign  +, 


EXAMPLES  FOR  PKACTICB. 

1 63.     Reduce  to  the  decimal  part  of  a  foot : 

(a)  8  in.  f(<i).a6. 

{6)  4}  in.  (6)  .875. 

(0  6  in.  Ans.  \    \c)  .4167. 

id)^^a.  \{d)  .5531. 

(0  11  in.  I  W  .9167. 

I.  The  leDgths  of  belting  required  to  connect  three  countershafts 
with  the  main  line  shaft  were  found  with  a  tape  measure  to  be 
27  ft  4  in.,  88  ft.  8  in.,  and  88  ft.  6  in.  How  many  feet  of  belting  were 
necessary  7  Ans.  89.5  ft. 

8.    The  stroke  of  an  engine  is  14  inches.     Wliat  is  the  length  of  the 

crank  measured  from  the  center  of  shaft  to  center  of  crank-pin  in  feet  7 

Ans.  .5888  ■^  foot 

8.  A  steam  pipe  tilted  with  an  expansion  joint  was  found  to  expand 
1.008  inches  when  steam  was  admitted  to  it.  How  much  was  its 
expansion  in  decimal  parts  of  a  foot  ?  Ans.  .189  foot 


TO  REDUCE  A  DECIMAL  TO  A  FRACTION. 

164.  ExAUPLB. — Reduce  .126  to  a  fraction. 
Solution.— .126  =  -^/^  =  A  =  i-    A^s. 
Example. — Reduce  .87S  to  a  fraction. 
SoLDTioN.— .875  =  A^  =  H  =  I.    Ans. 

165.  Rule  19. —  Under  the  figures  of  th^  decimal,  place 
the  digit  1  with  as  many  ciphers  at  its  right  as  there  are 
decimal  places  in  the  decimal,  and  reduce  the  resulting  fraction 
to  its  lowest  terms  by  dividing  both  numerator  and  denomi- 
nator by  the  same  number. 
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BXAMPLBS  FOR  PRACTICG. 

1 G6.     Reduce  the  following  to  common  fractions: 


(»)  .125. 

<«)». 

If)  .«25. 

«  |. 

(0  .8120. 

M  A. 

('')  ■»«■                                           Am. 

(^1  A 

U)  .M. 

W  A- 

(/)  ■«. 

(/)l- 

ig)  .16625. 

(«■)  A- 

(*)  .875. 

W  1- 

TO  EXPRESS  A  DECIMAL  APPROXIMATELY 

AS  A  FRACTION   HAVING  A  GIVEN 

DENOMINATOR. 

1€7.      BXAUPLB.— Express  .6827  in  Uths. 
SOLUTIOM.— .6827  X  It  ^  °^^,  say  H- 
Hence,  .682:  =  |},  nearly.    Ana. 
Example.— Express  .8917  in  ISths. 


Hence,  .8917  =  f,.  nearly.    Ans. 

168.  Rule  20. — Reduce  1  to  a  fraction  having  t/ie  given 
denominator.  Multiply  the  given  decimal  by  the  fraction  so 
obtained,  and  the  result  will  be  the  fraction  required. 


EXAMPLES  FOB  PRACTICB. 

Express 

(a)  .easinSths.  (  {a)  |. 

(b)  .8125  in  ISths.  {6)  ^. 
(0  .15625  in  8Sds.  .  I  {c)  ft. 
(rf).77in64ths.  '  ]  <rf)  JJ. 
ie)  .81  in  48lhs.  |  {e)  J|. 
(/)  .928  in  »6lhs.  I  (/)  (J. 
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170.  The  sign  for  dollars  is  t.  It  is  read  dollars.  t25 
is  read  ZS  dollars. 

Since  there  are  100  cents  in  a  dollar,  one  cent  is  1-one- 
hundredth  of  a  dollar;  the  .first  two  figures  of  a  decimal 
part  of  a  dollar  represent  cmts.  Since  a  mill  is  ^  of  a  cent, 
or  -nAnr  of  a  dollar,  the  third  figure  represents  mills. 

Thus,  135.16  is  read  twenty-five  dollars  and  sixteen  cents; 
135.168  is  read  twenty-five  dollars,  sixteen  cents  and  eight 
mills. 

171.  The  vinculum ,  parent  bests  (  ),  bracket 

[  ],  and  brace  j  [  are  called  symbols  of  aeereKatlon, 
and  are  used  to  include  numbers  which  are  to  be  considered 
together;  thus,  13  X  8  —  3,  or  13  X  (8  —  3),  shows  that  3  is  to 
be  taken  from  8  before  multiplying  by  13. 

13  X  (8  —  3)  =  13  X  5  =  65.     Ans. 

13  X   8  -  3  =  13  X  5  =  65.     Ans. 

When  the  vinculum  or  parenthesis  is  not  used,  we  have 

13  X  8  -  3  =  104  -  3  =101.     Ans. 

172.  In  any  series  of  numbers  connected  by  the  signs  -[-, 
— ,  X .  and  -^,  the  operations  indicated  by  the  signs  must  be 
performed  in  order  from  left  to  right,  except  that  no  addition 
or  subtraction  may  be  performed  if  a  sign  of  multiplication 
or  division  follows  the  number  on  the  right  of  a  sign  of 
addition  or  subtraction,  until  the  indicated  multiplication  or 
division  has  been  performed.  In  all  cases  the  sign  of  multi- 
plication takes  the  precedence,  the  reason  being  that  when 
two  or  more  numbers  or  expressions  are  connected  by  the 
sign  of  multiplication,  the  numbers  thus  connected  are  re- 
garded as  factors  of  the  product  indicated,  and  not  as  sepa- 
rate numbers. 

Example.— What  is  the  value  ot  4  x  M  -  8  -i- 17 ? 
Solution. — Performing  the  operations  in  order  from  left  to  right, 
4X34  =  M;  96-8  =  83;  88+n  =  10S.    Ans. 

173.  ExAMPLB.— What  is  the  value  of  the  following  eipresaion  : 
Law  -*- 13  -I- 160  -  23  X  31  =  ? 

Solution.— 1,296-^12  =  108;  108-f  160  =  268;  here  we  cannot  sub- 
tract 33  from  368  because  the  sign  of  multi plication /D/ZiJiff  33;  hence, 
multiplying  33  by  3^,  we  get  77,  and  368  -  77  =  191.    Ans. 
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Had  the  above  expression  been  written  1.296  -^  12  +  160  — 
82  X  3i  -T-  7  +  25,  it  would  have  been  necessary  to  have  divi- 
ded 22  X  3^  by  7  before  subtracting,  and  the  final  result  would 
have  been  22x31  =  77;  77-^7  =  11;  268-11=257;  257 
-|-  25  =  282.  Ans.  In  other  words,  it  is  necessary  to  per- 
form all  of  the  multiplication  or  division  included  between 
the  signs -|- and  —  ,or  —  and-|-,  before  adding  or  subtracting. 
Also,  had  the  expression  been  written  1,296 -=- 12  +  160 
—  24 J  -i-  7  X  3J  +  25,  it  would  have  been  necessary  to  have 
multiplied  3i  by  7  before  dividing  241-,  since  the  sign  of 
multiplication  takes  the  precedence,  and  the  final  result 
would  have  been  3J  X  7  =  34^;  24J  -i-  24^  =  1 ;  368  —  1  = 
267 ;  267  +  25  =  292.     Ans. 

It  likewise  follows  that  if  a  succession  of  multiplication 
and  division  signs  occurs,  the  indicated  operations  must  not 
be  performed  in  order,  from  left  to  right — the  multiplication 
must  be  performed  first.  Thus,  24X3^4X2-^9X5  =  ^. 
Ans.  In  order  to  obtain  the  same  result  that  would  be 
obtained  by  performing  the  indicated  operations  in  order, 
from  left  to  right,  symbols  of  aggregation  must  be  used. 
Thus,  by  using  two  vinculums,  the  last  expression  becomes 
24  X  3^i^  X  2-^  'JX  5  =  20,  the  same  result  that  would  be 
obtained  by  performing  the  indicated  operations  in  order, 
from  left  to  right.  

eXAMPLBS  FOR   PRACTICE. 

1 74.     Find  the  values  of  the  following  expressioiu  : 

(1)     {8  +  6-l)-^4. 

{b)    6  X  24  -  sa 

(f)  6  X  24  + 15. 

[d)  144-0x24. 

(t)  (1.091  -  040  4-  006) .«-  8  X  57' 

{/)  2,060  +  120-80x4- 1,67a 

{,£)  (tiO  +  80  +  25)  X  0  -  2». 

(*)  90  +  W  +  S5X6. 


An*.  ■ 


(*)  8& 

(^)  8. 

(*)  la 

(/)  31ft 

(A)  l-St 
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ARITHMETIC. 

(CONTINUED.) 


PERCENTAGE. 

175.  Percentacc  is  the  process  of  calculating  by 
hundredths. 

1 76.  The  term  per  cent,  is  an  abbreviation  of  the  Latin 
words  per  centum,  which  mean  by  the  hundred.  A  certain 
per  cent,  of  a  number  is  the  number  of  hundreds  of  that 
number  which  is  indicated  by  the  number  of  units  in  the 
per  cent.  Thus,  6  per  cent,  of  125  is  125  X  ifi  =  ''.fi  ;  26 
per  cent,  of  80  is  80  x  iV^  =  20  ;  43  per  cent,  of  432  pounds 
is  432  X  iVS  =  185.76  pounds. 

1 77-  The  sign  of  per  cent,  is  f,,  and  is  read  per  cent. 
Thus,  6ji  is  re^d  six  per  cent./  12iJ(  IsT^Skd  twelve  and  one-half 
per  cent. ,  etc. 

When  expressing  the  per  cent,  of  a  number  to  use  in  cal- 
culations it  is  customary  to  express  it  decimally  instead  of 
fractionally.  Thus,  instead  of  expressing  6;<,  25^,  and  43|^ 
as  yjg,  -^,  and  ^,  it  is  usual  to  express  them  as  .06,  .25, 
and  .43. 

The  following  table  will  show  how  any  per  cent,  can  be 
expressed  cither  as  a  decimal  or  as  a  fraction: 
TABLE    3. 


Per  Cent 

Decimal. 

Fraction. 

Per  Cent. 

Decimal. 

Fraction. 

I* 

.01 

T». 

150  *.... 

1.50 

in  or  11 

n 

M 

ihorA 

500  «.... 

5.00 

f Si  or  5 

5* 

.05 

T*,orA 

»■■■■ 

.0025 

T+.OTrfl 

lOi* 

.10 

iWorA 

».■■■ 

.005 

Ti.orih 

25* 

.85 

WM 

IW... 

.015 

lAor.ti 

SOX 

.50 

iWiOr  J 

H%.... 

.08  J 

tA<"A 

K* 

.75 

,'Ao'i 

12JK.... 

.125 

ihfjor  J 

100i< 

1.00 

Kl  or  1 

lew.... 

.10! 

Vrfor  J 

«5* 

1.25 

WSorlJ 

am.... 

.625 

iiiot  i 

.„.„, 

.utcpyHBh 

.-,|»t,,n. 

mcdmtcly  folio 

.1.8,..  ,M. 

m.- 
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M  ARITHMETIC 

178.  The  names  of  the  different  elements  used  in  per- 
centage are  :  the  base,  the  rate  per  cent.,  ihe, percentage,  the 
amount,  and  the  difference. 

179.  The  base  is  the  number  on  vhicb  the  per  cent,  is 
computed, 

1  SO.  The  rate  is  the  number  of  hundredths  of  the  base 
to  be  taken. 

181.  The  percentage  is  the  part,  or  number  of  hun- 
dredths, of  the  base  indicated  by  the  rate  ;  or  the  percent- 
age is  the  result  obtained  by  multipjying  the  base  by  the  rate. 

Thus,  when  it  is  stated  that  '!%  of  135  is  *1.75,  125  is  the 
base,  7j(  is  the  rate,  and  $1.75  is  the  percentage. 

1 82.  The  amount  is  the  sum  of  the  base  and  percentage. 

183.  The  difference  is  the  remainder  obtained  by  sub- 
tracting the  percentage  from  the  base. 

Thus,  if  a  man  has  (180,  and  he  earns  6;^  more,  he  will 
have  altogether  tl80  +  »180X  .06,  or  tl80+*10.80  =  tiaO-SO. 
Here  tl80  is  the  base,  Q%  the  rate,  tlO.80  the  percentage, 
and  tl90. 80  the  amount. 

Again,  if  an  engine  of  125  horsepower  uses  16j(  of  it  in 
overcoming  friction  and  Other  resistances,  the  amount  left 
for  performing  useful  work  is  125  —  125  X  .16  =  125  —  20  = 
105  horsepower.  Here  125  is  the  base,  IQ^  the  rate,  20 
the  percentage,  and  105  the  difference. 

184.  From  the  foregoing  it  is  evident  that,  to  find  the 
percentage,  the  base  must  be  multiplied  by  the  rate.  Hence 
the  following 

Rule  21. —  To  find  the  percentage,  multiply  the  base  by 
the  rate,  expressed  decimally. 

ExAHrLB.— Out  of  a  lot  of  300  boiler  tubes  76^  were  used  in  a  boiler. 
How  many  tubes  were  used  ? 

Solution.— 76^,  the  rate,  expressed  decimally,  is  .76  ;  the  base  is 
300;  hence,  the  number  of  tubes  used,  or  the  percentage,  is  by  the 
above  rule  300  X  .76  =  238  tubes.     Ans. 

Expressing  the  rule  as  a  formula,  we  have 
percentage  =  base  X  rate. 
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1S6.  When  the  percentage  and  rate  are  given,  the  base 
may  be  found  by  dividing  the  percentage  by  the  rate.  For, 
suppose  that  12  is  G^,  or  ^^,  of  some  number ;  then,  1^,  or 
yf,,  of  the  number  is  12  -r-  6  or  2.  Consequently,  if  2  =l!<, 
or  y^,  100^,  or  f(J  =  2  X  100  =  200.  But,  since  the  same 
result  may  be  arrived  at  by  dividing  12  by  .06,  for  12  -i-  .06  = 
200  it  follows  that 

Rule  ZZ. —  When  the  percentage  and  rate  are  given,  to 
find  the  base,  divide  the  percentage  by  the  rate,  expressed 
decimally. 

Formula,  base  =  percentage  -r-  rate. 

EXAHPLB.— T6lf  of  a.  lot  of  boiler  tubes  are  used  in  the  construction 
of  a  boiler.  If  the  number  of  tubes  used  were  228,  how  many  tubes 
were  in  the  lot  7 

SoLUTiOM.-— Here  228  is  the  percentage,  and  78*,  or  .76,  Is  the  rate; 
hence,  applying  the  rule, 

228 +  .78  =  800  tubes.     Ans. 

1S6.  When  the  base  and  percentage  are  given  to  find 
the  rate,  the  rate  may  be  found,  expressed  decimallv,  by 
dividing  the  percentage  by  the  base.  For  suppose  that  it 
is  desired  to  find  what  per  cent.  12  is  of  200.  Ij*  of  200  is 
200  X  .01  =  2.  Now,  if  \is  is  2,  12  is  evidently  as  many  per 
cent,  as  the  number  of  times  that  2  is  contained  in  12,  or  12  -;- 
2  =  6j(.  But  the  same  result  may  be  obtained  by  dividing 
12,  the  percentage,  by  200,  the  base,  since  12  -;-  200=.06  =  6j<. 
Hence, 

Rule  23. —  When  the  percentage  and  base  are  given,  to  find 
the  rate,  divide  the  percentage  by  the  base,  and  the  result 
will  be  the  rate,  expressed  decimally. 

Formula,  rate  =  percentage  -r-  base. 

Example.— Out  of  a  tot  of  800  boiler  tubes.  228  were  used.  What 
per  cent,  of  the  total  number  was  used  ? 

Solution.— Here  800  is  the  base  and  228  the  percentage ;  hence, 
applying  rule, 

rate  =  228  +  800  =  .78  =  76^.    Ans. 

Example.— What  per  cent,  of  875  is  25  > 

Solution. — Here  875  is  the  base,  and  25  is  the  percentage;  hence, 
applying  rule, 

2S-«-875=.0Z|  =  2(;(.    Ana. 

PKooF.-fl78  X .  (B|  =  36. 
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S8                                ARITHMETIC. 

BX&MPI.BS  FOR  PRACTICB. 

1 87.     What  per  cent,  of 

(a)B«OisQO?                                                   (0)30^ 
(i)  900  is  360  ?                                             (6)  W%. 
(c)  126  Is  85?                                              (c)  80*. 
(rf)  150  is  760?                                4^      (rf)600^ 
U)  280  Is  112?                                             (<•)  40)t 
t/)  400  is  200  ?                                            t/)  M*- 
(^)  47  is  M  ?                                               (g)  200)t 
(*1  60018260?                                            CAl  50*. 

188.    The  amount  may 
are  given,  by  multiplying 

be  found  when  the  base  and  rate 
the  base  by  1  plus  the  rate,  ex- 

pressed  decimally.  For  suppose  that  it  is  desired  to  find 
the  amount  when  300  is  the  base  and  6^  is  the  rate.  The 
percentage  is  200  X  .06  =  12,  and,  according  to  definition, 
Art.  182,  the  amount  is  200  +  12  =  212.  But  the  same 
result  may  be  obtained  by  multiplying  200  by  1+.06,  or 
1.06,  since  200  X  1.06  =  212.     Hence, 

Rule  24. —  IV/ien  ike  base  and  rate  are  given,  lo  find  ike 
amouni,  muliiply  the  base  by  1  plus  tke  rate,  expressed  deci- 
mally. 

Formula,  amount  =  base  X  (1  +  rate). 

Example. — If  a  man  earned  (725  In  a  year,  and  the  next  year  lOf 
more,  how  much  did  he  earn  the  second  year  ? 

Solution. — Here  735  is  the  base  and  lOj  is  the  rate,  and  the  amount 
is  required.     Hence,  applying  the  rule, 

7a5xl-10  =  |7&7.60.    Ans. 

189.  When  the  base  and  rate  are  given,  the  difference 
may  be  found  by  multiplying  the  base  by  1  minus  the  rate, 
expressed  decimally.  For  suppose  that  it  is  desired  to  find 
the  difference  when  the  base  is  200  and  the  rate  is  Sft,  The 
percentage  is  200  X  -06  =  12  ;  and,  according  to  definition. 
Art.  183,  the  difference  =  200  -  12  =  188.  But  the  same 
result  may  be  obtained  by  multiplying  200  by  1  —.06,  or. 94, 
since  200  X  .94  =  188.     Hence, 

Rule  2S. —  When  tke  base  and  rate  are  given,  to  find  tke 
difference,  multiply  tke  base  by  1  minus  tke  rate,  expressed 
decimally. 

Formula,  difference  =  base  X  (1  —  rate). 


.dbyGoogle 


ARITHMETIC.  fid 

Example— Out  of  a  lot  of  800  boiler  tubes  all  but  a4j(  were  used  in 
one  boiler;  how  many  tubea  were  used  ? 

Solution. — Here  800  is  tlie  base,  iit  is  the  rate,  and  It  is  desired  to 
&nd  the  difference.    Hence,  applying  the  rule. 

800  X  (1 -.24)  =  328  tubes.    Ans. 

190.  When  the  amount  and  rate  are  given,  the  base 
may  be  found  by  dividing  the  amount  by  1  plus  the  rate. 
For  suppose  that  it  is  known  that  313  equals  some  number 
increased  by  6^  of  itself.  Then,  it  is  evident  that  312  equals 
106^  of  the  number  (base)  that  it  is  desired  to  tind.  Con- 
sequently, if  213  =  106;<,  1^  =  Itl  =  2,  and  lOOji  =  2  X  100  = 
20U  =  the  base.  But  the  same  result  may  be  obtained  by 
dividing  313  by  1  +  .06  or  1.06,  since  313-4-1.06  =  300. 
Hence, 

Rule  ZB. —  When  tke  amount  and  rate  are  given,  to  find 
the  base,  divide  tke  amount  by  1  plus  tke  rate,  expressed 
decimally. 

Formula,  base  =  amount  -r-  (1  +  rate). 

EXAKPLB. — The  theoreticat  discharge  of  a  certain  pump  when  run- 
ning at  a  piston  speed  of  100  feet  per  minute  is  378,910  gallons  per  day 
of  10  hours.  Owing  to  leakage  and  other  defects  this  value  is  21^ 
greater  than  the  actual  discharge.     What  is  the  actual  discharge  f 

SOLU-rioN.— Here  276,910  equals  the  actual  discharge  (base)  increased 
by  25iof  itself.  Consequently,  278,910  is  the  amount,  2SS  is  the  rate, 
and  applying  rule, 

actual  discharge  =  378,910  ■*■  1.2S  =  223,128  gallons.    Ans. 

191.  When  the  difference  and  rate  are  given,  the  base 
may  be  found  by  dividing  the  difference  by  1  minus  the  rate. 
For  suppose  that  188  equals  some  number  less  6<t  of  itself. 
Then,  188  evidently  equals  100  —  6  =  94;^  of  some  number. 
Consequently,  if  188  =  gi-*,  1;<  =  188  -^  94  =  2,  and  lOOj*  = 
2  X  100  =  200.  But  the  same  result  may  be  obtained  by 
dividing  188  by  1  —.06,  or  .94,  since  188  -r-  .94  =  200.    Hence, 

Rule  37. —  Wken  tke  difference  and  rate  are  given,  to  find 
the  base,  divide  tke  difference  by  1  minus  tke  rate,  expressed 
decimally. . 

Formula,  base  =  difference  -i-  (1  —  rate). 
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ExAMPLB. — Prom  a.  lot  of  boiler  tubes  T$f  were  used  in  the  construc- 
tion of  a  boiler.  If  there  were  72  tubes  unused,  how  many  tubes  were 
in  the  lot  ? 

Solution.— Here  72  is  the  difference  and  lOf  is  the  rate.    Applying 

72  +  (1  -  .78)  =  800  tubes.     Ans. 

ExAMPLB. — The  theoretical   number  of  foot-pounds  of  work  per 

minute  required  to  operate  a  boiler  feed-pump  is  137,344.     If  SOfof  the 

total  number  actually  required  t>e  allowed  for  friction,  leakage,  etc., 

how  many  foot-pounds  are  actually  required  to  worli  the  pump? 

Solution. — Here  the  number  actually  required  is'the  base  ;  hence, 
137,844  is  the  difEerence,  and  SOi  is  the  rate.    Applying  the  rule, 
137,344  -4-  (1  -  .30)  =  181,920  foot-pounds.    Ans. 

192>  ExAHPLB, — A  certain  chimney  gave  a  draft  of  2.76  inches 
of  water.  By  increasing  the  height  30  feet  the  draft  was  increased  to 
8  inches  of  water.    What  was  the  gain  per  cent.? 

Solution. — Here  it  is  evident  that  3  inches  ts  the  amount  and  that 
3.76  inches  Is  the  base.  Consequently.  8 -3. 76  =  .34  inch  is  the 
percentage,  and  it  is  required  to  find  the  rate.  Hence,  applying 
rule  23, 

gain  per  cent.  =  .34  -•-  3.76  =  .087  =  a.7t    Ans. 

193<  Example.— A  certain  chimney  gave  a  draft  of  3  inches  of 
water.  After  an  economizer  had  been  put  in  the  draft  was  reduced  to 
1.3  inches  of  water.     What  was  the  loss  per  cent.? 

Solution.— Here  it  is  evident  1.3  inches  is  the  difference  (since  it 
equals  3  inches  diminished  by  a  certain  per  cent,  loss  of  itself)  and  3 
inches  is  the  t>ase.  Consequently,  8  —  1.2  =  1.8  inches  is  the  percent- 
age.    Hence,  applying  rule  23, 

loss  per  cent  =  1.8  -i-  3  =  .60  =  eOi.    Ans. 

194.     To  find  the  Kaln  or  loss  per  cent.: 

Rule  28. — Find  the  difference  between  the  initial  and 
final  values  ;  divide  this  difference  by  the  initial  value. 

Example. — If  a  man  buys  a  steam  engine  for  $1,860  and  some  time 
afterwards  purchases  a  condenser  for  353  of  the  cost  of  the  engine. 
does  he  gain  or  lose,  and  how  much  per  cent.,  if  he  sells  both  engine 
and  condenser  for  (2,100? 

Solution.— The  cost  of  the  condenser  was  91,860  X  -39  =  $460 ;  con- 
sequently, the  total  initial  value,  or  cost,  was  $1,860  -h  $465  =  $3,839. 
Since  he  sold  them  for  $3,100,  he  lost  $3,335  -  $3,100  =  $325.  Hence, 
applying  rule, 

325 -»- 2.839  =  . 0968  =  9.08<  loss.    Ans. 
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BXAUPLES  FOR  PRACTICB. 

196.     Solve  the  folloving: 

(a)  What  is  1314  of  IdOO  ?  (  (a)  tllS.Sa 

{*)       "      "     a  ••    687?  (6)    SOW. 

(0       "      "SSW  "      M7  (0    18. 

(aT)  101  is  68H  of  what  number?  ^  (rf)  1461J. 

M  784  ■■  mi W   MO'8. 

{/)  What  «  of  960  is  160?  (/)  16K. 

(f)      '■     "  "  »8,606is»450j?  (f )  13i)t 

(/()       "     "  ••  280  ia  113?  [  (A)  40^ 

1.  A  steam  plant  consumed  an  average  of  3.640  piounds  of  coal  per 
day.  The  engineer  made  certain  alterations  which  resulted  in  a  sav- 
ing of  250  pounds  per  day.     What  was  the  per  cent,  of  coal  saved  ? 

Ans.  ^f,  nearly. 

5.  If  the  speed  of  an  engine  running  at  126  revolutions  per  minute 
should  t>e  increased  ^i,  how  many  revolutions  per  minute  would  it 
then  make  ?  Ans.  134.19  revolutions. 

3.  The  list  price  of  an  engine  was  (1,400  ;  of  a  boiler,  $1.1Q0.  and  of 
the  necessary  fittings  for  the  two,  S340.  If  35S  discount  was  allowed 
on  the  engine,  S&i  on  the  boiler,  and  IS^^  on  the  fittings,  what  was  the 
actual  cost  of  the  plant  7  Ans.  92,244.60. 

4.  If  I  lend  a  man  |1, 100,  and  this  is  IStf  of  the  amount  that  I  have 
on  interest,  how  much  money  have  I  on  interest  ?  Ans.  $6,045.95. 

6.  A  test  showed  that  an  engine  developed  1B0.4  horsepower,  15^  of 
which  was  consumed  in  friction.  How  much  power  was  available 
for  use  ?  Ans.  161.84  H.  P. 

6.  By  adding  a  condenser  to  a  steam  engine,  the  power  was  in- 
creased  14i:.and  the  consumption  of  coal  per  horsepower  per  hour  was 
decreased  20:1.  If  the  engine  could  originally  develop  50  horsepower 
and  required  Sf  pounds  of  coal  per  horsepower  per  hour,  what  would 
be  the  total  weight  of  coal  used  in  an  hour,  with  the  condenser, 
assuming  the  engine  to  run  full  power  t  Ans.  159.6  pounds. 


DENOMINATE  NUMBERS. 

196.  A  denomlaate  number  is  a  concrete  number, 
and  may  be  either  simple  or  compound,  as  8  quarts,  6  feet, 
ten  inches,  etc. 

197.  A  simple   denomloate    number  consists   of 

units  of   but   one  denomination,  as  16  cents,    10  hours,  S 
Joilars,  etc. 
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168*  A  compound  denominate  number  consists 
of  units  of  two  or  more  denominations  of  a  similar  kind,  as 
3  yards,  3  feet,  1  inch  ;  3  pounds,  5  ounces. 

199.     In  whole  numbers  and  in  decimals,  the  law 

of  increase  and  decrease  is  on  the  scale  of  10,  but  in  com- 
pound  or  denominate  numbers  the  scale  varies. 


MEASURES. 

200.  A  measure  is  a  standard  unit  established  by  law 
or  custom,  by  which  quantity  of  any  kind  is  measured.  The 
standard  unit  ot  dry  measure  is  the  Winchester  bushel; 
of  welsht,  the  pound ;  of  Uquld  measure,  the  gallon,  etc. 

201*  Measures  are  of  six  kinds: 

1.  Extension.  i.  Time. 

8.  Weight.  6,  Angles. 

3.  Capacity.  6.  Money  or  value. 


MEASURES    OF    EXTENSION. 
202.     Measures  of  extension  are  used  in 
lengths,  distances,  surfaces,  and  solids. 


12    inches  (in.)  =  1  foot    .  ,  ft. 

8    feet             =  I  yard  .  .  yd. 

Bl  yards           =  1  rod     .  .  rd. 

40  rods              =  1  furlong  .  fur. 

8  furlongs        =  1  mile   .  .  mi. 


68.860  =6.280  = 


aOUARB  MEASURE. 

TABLE   S, 

144   square  inches  (sq.  in.)    .    .  =    1  square  foot 

9   square  feet =    1  square  yard    . 

80|  square  yards =1  square  rod 

160   square  rods =1  acre  .    .    .    . 

640    acres =1  square  mite    . 


1 


sq.  rd.        sq.  yd. 


sq.  ft. 


.     sq.  ft. 

.  sq.  yd. 
.    sq.  rd. 


=  640  =  102.400  =  8,007.600  =  27,878.400  =  4.014. 460. 000 
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CUBIC  MEAacHB. 

TABLE  6. 

mS   cubic  inches  (cu.  in.)  .    .    .    =   1  cubic  foot cu.  ft 

S7   cubic  feet =    1  cubic  yard cu.  yd. 

188    cubic  feet =    1  cord cd. 

Ut  cubic  feet =    1  perch P. 

cu.  yd.  cu.  ft        cu.  In. 
!=£?=:    40,«U 


MEASURES   OP    WEIGHT. 


AVOIRDUPOIS  WEIGHT. 

16  ounces  (oz.) =1  pound lb. 

100  pounds =    1  hund  red- weight .    .    .    .  cwt 

SO  cwt,  orS,0001b. =   1  ton T. 

T.        cwt,  lb.                OS. 

I    =    20    =  S.000    =    83,000 

203.  The  ounce  is  divided  into  halves,  quarters,  etc. 
Avoirdupois  weight  is  used  for  weighing  coarse  and  heavy 
articles. 

LONG  TON  TABLE. 

TABLE   8. 

16  ounces =    1  pound lb. 

IIS  pounds =    1  hu ndred- weight .     .     .     ■  cwt 

20  cwt,  or  3,240  lb =    I  ton T 

In  all  the  calculations  throughout  this  and  the  succeeding 
volumes,  2,000  pounds  will  be  considered  one  ton,  unless  the 
long  ton  (2,240  pounds)  is  especially  mentioned, 

TROV  WBIGRT. 

TABLE    S. 

S4  grains  (gr.) =    1  pennyweight    ....     pwt 

20  pennyweight =1  ounce oz. 

12  ounces =    1  pound lb. 

lb.         oz.  pwt.  gr. 

1    =    13    =    340    =    5,760 

204.  Troy  weight  is  used  in  weighing  gold  and  silver 
ware,  jewels,  etc.     It  is  used  by  jewelers. 
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MEASURES  OP  CAPACITY. 


LIQVID  MEASCRB. 


4  gins(gi.) 

3  pinta 

4  quarts 

311  gallons 

63   gallons 

hhd.      bbl.        gal. 
1    =    3    =    «3 


I  10. 

=    1  pint pt 

=    1  quart qt. 

=    1  gallon gal. 

=   1  barrel bbl. 

=   1  hogshead hhd. 


qt. 


pt.  gi. 

=    GM    =    3,01S 


a  pints  (pt) 

B  quarts 

1    =    4 


1  quart qL 

1  bushel bu. 


HEASUHB   OP    TIME. 

TABLB   13. 

W  seconds  (sec. ) =  1  minute mia 

60  minutes =  1  hour hr. 

34  hours =  1  day da. 

7  days =  1  week wk. 

8S6  days      ) 

12  months  [ =  '  ''°"""<'"  year     .    .    .      yr. 

366  days =  1  leap  year. 

100  years =  1  century. 

NoTB. — It  Is  customary  to  consider  one  month  as  80  daja. 


60  seconds  (")  . 

60  minutes    .  . 

00  degreea     .  . 

860  degrees    .  . 


.    .  =    1  minute '  . 

■     .  =    1  degree ' . 

.    .  =  1  right  angle  or  quadrant  L  ■ 

.    .  =    1  circle cir. 

21, 600'  =    I,2»«.000" 
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MEASURE    OF    MONEY. 

CniTED  STATES  MONET. 

TABLB  14. 

10  millfl  (m.) =    1  cent ct 

ID  cents =    1  dime d. 

10  Ames =     1  dollar I. 

10  dollars =     1  eagle B. 

B.  I  d.  ct  m. 

1     =     10    =    100    =    i.OOO    =    lOiOOO 

MISCELLANEOUS    TABLE. 

TABLB   IS. 

18  things  are  1  doien.  1  meter  is  nearly  89.87  inches. 

13  dozen  are  1  gross.  1  hand  is  4  inches. 

18  gross  are  1  great  gross.  1  palm  is  3  inches. 

8  things  are  1  pair.  1  span  is  0  inches. 

SO  things  are  I  score.  34  sheets  a.re  1  quire. 

1  league  is  8  miles.  20  quires,  or  480  sheets,  ace  1  ream. 

1  fathom  Is  6  feet  1  bushel  contains  3,150.4  cubic  in. 

1  U.  S.  standard  gallon  (also  called  a  wine  gallon)  contains  831  cubic  in. 

1  U.  S.  standard  gallon  of  water  weighs  8.355  pounds,  nearly. 

1  cubic  foot  of  water  contains  1.481  U.  S.  standard  gallons,  nearly. 

1  British  imperial  gallon  weighs  10  pounds. 

It  will  be  of  great  advantage  to  the  student  to  carefully 
memorize  all  of  the  above  tables. 

REDUCTION  OF  DENOMINATE  NUMBERS. 
205<  Reduction  of  denominate  numbers  is  the  pro- 
cess of  changing  their  denomination  without  changing  their 
value.  They  may  be  changed  from  a  higher  to  a  lower 
denomination  or  from  a  lower  to  a  higher — either  is  reduc- 
tion-    As, 

a  hours  =  130  minutes. 
33  ounces  =  2  pounds. 
206.     Principle. — Denominate  numbers  are   changed 
to  lowfr  denominations  by  multiplying,  and  to  higher  de- 
nommations  by  dividing. 

To  redoce  denominate  numbers  to  lower  demtml- 
nations  ' 
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207.     EzAHPLB.— Reduce  S  yd.  3  fL  7  it 
SOLDTIOK.—  yd.  ft 


15  ft 

3  ft 

T7ft 


211  inches.    Ans. 
Explanation. — Since  there  are  3  feet  in  1  yard,  in  6  yards 
there  are  5  X  3,  or  16  feet,  and  16  feet  plus  %  feet  =  17  feet. 
There   are   12   inches   in  a   foot  ;   therefore,  12  X  17  =  204 
inches,  and  204  inches  plus  7  inches  =  211  inches  =  number 
of  inches  in  6  yards  2  feet  and  7  inches.     Ans. 
!208.     Example.— Reduce  6  hours  to  Becoada. 
Solution.—  fl       hours. 

60 
8  fl  0     miautes. 

60 

316  0  0  seconds.    Ana. 

Explanation. — As  there  are  60  minutes  in  one  hour,  in 

six  hours  there  are  6  X  60,  or  360  minutes  ;  as  there  are  no 

minutes  to  add,  we  multiply  360  minutes  by  60,  to  get  the 

number  of  seconds. 

209.  In  order  to  avoid  mistakes,  if  any  denomination 
be  omitted,  represent  it  by  a  cipher.  Thus,  before  reducing 
3  rods  6  inches  to  inches,  insert  a  cipher  for  yards  and  a 
cipher  for  feet ;  as, 

rd.       yd.       ft.       in. 
8-0  0         6 

210.  Rul«. — Multiply  the  number  representing  the  high- 
est denomination  by  tfte  number  of  units  in  the  next  lower 
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<7 


required  to  make  one  of  the  higher  denomination,  and  to  the 
product  add  the  number  of  given  units  of  that  lower  denomi- 
nation. Proceed  in  this  manner  until  the  number  is  reduced 
to  the  required  denomination. 


BXAMPLBB  FOR  PBXCTICB. 


211.     Reduce 

(fl)  i  rd.  a  yd.  9  ft  to  £t 

It)  4  bu.  8  pk.  2  qt.  to  qt 

W  18  rd.  6  yd.  3  ft.  to  ft 

(d)  5  mi.  100  rd.  10  ft.  to  ft 

(<>  8  lb,  4  OT.  6  pwt  to  gr. 

(/)  63  hhd.  24  gal.  1  pt  to  pt 

{g)  6  cir.  1«*  ac  to  minutes. 

Ih)  U  bu.  to  qt 


(a)  74  ft 

ii)  lS4qL 

(<:)  281.6  ft. 

(d)  26,060  ft 

W  48.14*  gr. 

(/)  26.401  pt 

(g)  108,960'. 

(A)  448  qt 


To  reduce  lower  to  higher  denominations: 
212>     EzAMPLB. — Reduce  Sll  in.  to  higher  denominations. 

SOLDTIOM.—  1 3  )21Hd. 

8 )  1  7  ft  +  7  in. 


5  yd.  +  2  ft  Ans. 
Explanation. — -There  are  12  inches  in  1  foot ;  there- 
fore, 211  divided  by  12  =  17  feet  and  7  inches  over.  There 
are  3  ft.  in  1  yd. ;  therefore,  17  ft.  divided  by  3  =  5  yd.  and 
a  ft.  over.  The  last  quotient  and  the  two  remainders  con- 
stitute the  answer,  5  yd,  2  ft.  7  in 

2I3>     Example.— Reduce  I4.1S5  gi.  to  higher  denominations. 
Solution.—  4)14185 

2 )    8588  pt.  8  gi. 
4)    1766qt  Ipt 
441  gal.  2qt. 
S1.5)441.0(14bbL 
816 


Explanation. — There  are  4  gi.  in  1  pt.,  and  in  14,135  gi. 
there  are  as  many  pints  as  4  is  contained  in  14,136,  or  3,538 
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pt.  and  3  gi.  remaining.  There  are  3  pt.  in  I  qt.,  and  in 
3,533  pt.  there  are  1,766  qt.  and  1  pt.  remaining.  There 
are  4  qt.  in  1  gal.,  and  in  1,766  qt.  there  are  441  gal.  and 
8  qt.  remaining.  There  are  31J  gal,  in  1  bbl.,  and  in 
141  ^al.  there  are  14  bbl. 

The  last  quotient  and  the  three  remainders  constitute  the 
answer,  14  bbl.  2  qt.  1  pt.  3  gi. 

214.  Rule  30. — Divide  the  number  representing  Uu  de- 
nomination given,  by  the  number  of  units  of  this  denomi- 
nation required  to  make  one  unit  of  the  next  higher  denomi- 
nation. The  remainder  will  be  of  the  same  denomination, 
but  the  quotient  will  be  of  the  next  higher.  Divide  this 
quotient  by  the  number  of  units  of  its  denomination  required 
to  make  one  unit  of  t/te  next  higher.  Continue  until  the 
highest  denomination  is  reached,  or  until  there  is  not  enough 
of  a  denomination  left  to  make  one  of  the  next  higher.  The 
last  quotient  and  the  remainders  constitute  the  required  result. 


EXAMPLES  FOR  PRACTICE. 

2 1 5>    Reduce  to  units  of  higher  denominations: 
(a)  7.460  aq.  in. ;    (i)  7,580  sq.  yd. ;    (0   148,760  cu.  in. ;    (rf)  17,651 
W  8,000  gi. ;  (/)  36,450  lb. 

r  {a)  G  sq.  yd.  6  aq.  ft.  116  sq.  in. 
m  1  A.  90  sq.  rd.  17  sq.  yd.  4  aq.  ft.  73  sq.  i 
(<:)  8  cu.  yd.  5  cu.  ft.  162  cu.  in. 
(rf)4''54'  11". 
I    \e)  8  hhd.  61  gal. 
L  (/)  18  T.  4  cwL  BO  lb. 


ADDITION    OF   DENOMINATE    NUMBERS. 

216.      Example.— Find  the  sum    of   8  cwt.  46  lb.  12  os. ;  8  cwt 

13  lb.  13  oi. ;  12  cwt.  50  lb.  18  oi. ;  37  tb.  4  oi. 
Solution.—  T.        cwt.         lb.  oz. 
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Explanation. — Begin  to  add  at  the  right-hand  column  : 
4  +  13  +  13  +  12  =  42  ounces  ;  as  16  ounces  make  1  pound, 
42  ounces  ■"  16  =  2  and  a  remainder  of  10  ounces,  or  2 
pounds  and  10  ounces.  Place  10  ounces  under  ounce 
column  and  add  2  pounds  to  the  next  or  pound  column. 
Then,  2  +  27  +  50  +  12  +  46=137  pounds;  as  100  pounds 
make  a  hundred-weight,  137  -^  100  =  1  hundred-weight  and 
a  remainder  of  37  pounds.  Place  the  37  under  the  pound 
column,  and  add  1  hundred-weight  to  the  next  or  hundred- 
weight column.  Next,  1  +  12 +8  +  3  =  24  hundred-weight. 
20  hundred-weight  make  a  ton  ;  therefore  24  -^  20  =  1  ton 
and  4  hundred-weight  remaining-  Hence,  the  sum  is  1  ton 
4  hundred-weight  S7  pounds  10  ounces.     Ans 


217. 

EXAMPLB 

.—What  is  the 

sum 

L  of  8  rd,  8  yd. 

a  ft  8  la  i 

,  flrd. 

1  ft.  10  in. 

;  17  rd.  Hi 

in. ;  4  yd.  1  £L  ? 

Solution.— 

rd.          yd. 

tt. 

in. 

17  0  0  11 

0  4  10 

ai         si        0  a" 

or    Se  8  1  e    Ans. 

Explanation. — The  sum  of  the  numbers  in  the  first  col- 
umn =  26  inches,  or  2  feet  and  3  inches  remaining.  The 
sum  of  the  numbers  in  the  next  column  plus  2  feet  =  6  feet, 
or  2  yards  and  0  feet,  remaining.  The  sum  of  the  next  col- 
umn plus  2  yards  =  9  yards,  or  9  -=-  SJ  =  1  rod  and  3^  yards 
remaining.  The  sum  of  the  next  column  plus  1  rod  =  26 
rods.  To  avoid  fractions  in  the  sum,  the  ^  yard  is  reduced 
to  1  foot  and  6  inches,  which  added  to  26  rods  3  yards  0  feet 
and  2  inches  =  26  rods  3  yards  1  foot  8  inches.     Ans. 

218.  Example.— What  is  the  sum  of  47  ft.  and  8  rd.  S  yd.  S  ft 
10  in.? 
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Solution.— When  47  ft  Is  reduced  it  equals  Srd.  4  yd  att,  which 
can  be  added  to  8  rd.  2  yd.  2  ft  10  in.     Thus, 

rd.  yd.  ft  In. 


or    0  a  0  4    Ans. 

219.  Rule  3 1 . — Place  the  numbers  so  that  like  denomina- 
tions are  under  each  other.  Begin  at  the  right-hand  column, 
and  add.  Divide  the  sum  by  the  number  of  units  of  tins 
denomination  required  to  make  mie  unit  of  the  next  higher. 
Place  the  retnainder  under  the  column  added,  and  carry  the 
quotient  to  the  next  column.  Continue  in  this  manner  unttl 
the  highest  denomination  given  is  reached. 


exAMPi.ea  fom  practice. 

220.  What  is  the  sum  of 

(a)  3S  lb.  7  at.  IS  pwL  33  gr. ;    IT  lb.  IS  pwt ;    10  lb.  4  oz.  12  pwL ; 
181b.  16  gr,;  101b.  3oi.  11  pwt.  18  gr,? 

(b)  B  mi.  18  rd.  4  yd.  2  ft. ;   1«  rd.  5  yd,  1  ft  6  in. ;   16  roi.  2  rd.  8  in.  j 
14  rd.  1  yd.  9  in.? 

(f)    8  cwt.  48  lU  12  Oi. ;  13  cwt  »1  lb. ;  2J  cwl.  21t  lb  ? 
(tf)  10  yr.  8  mo.  Swk.  3da.;   42  yr.  6  ma  7  da.|   7  yr.  S  mo.  18  wli. 
4da.;  17  yr.  17da.f 

it)    IT  tons  11  cwt  49  lb.  14  oz. ;  16  tons  47  lb:  13  oz. ;  20  tons  18  cwt 
14  tb.  6oz.;  11  tons4cwt  161b.  13  oz.? 

(/)    14  sq.  yd.  8  aq.  ft  1»  sq,  ia  ;  lOS  sq.  yd.   18  sq.   ft.  840  sq.  in. ; 
43 eq.  yd.  38 sq.  ft  ISSsq.  in.7 

'  (fl)  88  lb.  8  oz  16  pwt  7  gr. 
(i)  35  mi.  47  rd.  1  ft  5  in. 
\c)    18  cwt  21b.  14  o& 
(rf)  78  yr.  1  mo.  8  wk.  8  da. 
W   65  tons  9  cwt,  28  lb.  13  oz. 
if)  167  sq.  yd.  186  sq.  In. 

SUBTRACTION  OF  DENOMINATE  NUMBERS. 

221.  EXAHPLB.— From  21  rd.  2  yd.  2  ft  61  In.,  take  9  rd  4  yd. 
10}  in. 

SoLUTiOM.—             rd.  yd.  ft.  in. 

21  2  2           61 

9  4  0  lOj 

11  81  1  81       Ana. 
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Explanation. — Since  lOJ  inches  can  not  be  taken  from 
6J  inches,  we  must  borrow  1  foot,  or  12  inches,  from  the  2  feet 
in  the  next  column  and  add  it  to  the  df  G}  -|-  ^^  =  l^i- 
ISJ  inches  —  10}  inches  =  8J  inches.     Then,  0  foot  from  the 

1  remaining  foot  =  1  foot.     4  yards  can  not  be  taken  from 

2  yards ;  therefore,  we  borrow  1  rod,  or  5^  yards,  from  21  rods 
and  add  it  to  2.  2  +  SJ  =  Tj ;  ?!  -  4  =  3^  yards.  9  rods 
from  20  rods  =  11  rods.  Hence,  the  remainder  is  1 1  rods 
3J  yards  1  foot  8^  inches.  -  Ans, 

To  avoid  fractions  as  much  as  possible,  we  reduce  the 

1  yard  to  inches,  obtaining  18  inches;  this  added  to  8i  inches, 
gives  261   inches,  which  equals   2   feet   SJ   inches.     Then, 

2  feet  +  1  foot  =  3  feet  =  1  yard,  and  3  yards  ■+  1  yard  =  4 
yards.  Hence,  the  above  answer  becomes  11  rods  1  yards 
0  feet  21  inches. 

222.     BXAKPLB.  — Wliat  is  the  difference  between  3  rd.  3  yd.  3  ft 
10  tn.  and  47  ft.  f 
SOLUTiOM.— 47  It.  =  9  rd.  4  yd.  3  fl. 

rd.        yd.        ft.        In. 


or  8  3  4    Ans. 

To  find  (approximately)  the  Interval  of  time  be- 
tween two  dates : 

223.     Example.— How  many  years,  months,  days,  and  hours 
betwcen4o'clockP.M.  of  JuDcIS,  186f^andlOci'clockA.ii.,  September  28, 
1891? 
Solution.—  yr,        mo.        da.        hr. 

18»1         8  38         IV 

1868         6  15         18 


S8         8  13         16    Ans. 

ExPLAKATiON, — Counting  84  hours  in  1  day,  4  o'clock 
P.M.  is  the  16th  hour  from  the  beginning  of  the  day,  or 
midnight.  On  September  28,  8  months  and  28  days  have 
elapsed,  and  on  June  15,  6  months  and  15  days.  After  plac- 
ing the  earlier  date  under  the  later  date,  subtract  as  in  the 
previous  problems.  Coimt  30  days  as  1  month. 
a.  M.    I.— 6 
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224.  Rule  32. — /"lace  the  smaller  quantity  under  the 
larger  quantity,  with  like  denominations  under  each  other. 
Beginning  at  the  right,  subtract  successively  the  number  in  the 
subtrahend  in  each  denomination  from  the  one  above,  and  place 
the  differences  underneath.  If  the  number  in  the  minuend  of 
any  denomination  is  less  than  the  number  under  it  in  the  sub- 
trahend, one  must  be  borrowed  from  the  minuend  of  the  next 
higher  denomination,  reduced,and  added  to  it. 


BXAMPLBS  FOtt  PRACXICB. 

225.     From 

(«)  135  lb.  8  oz.  14  pwt.  18  gr.  take  M  lb.  0  oz.  ID  pwt  4  gr. 
m    ISe  hhd  37  gal.  take  104  hhd.  14  gaL  1  qt.  1  pt, 
(f)   65  T.  14  cwL  64  lb.  10  ot  Uke  16  T.  11  cwL  14  ox. 
{,d\  148  sq.  yd.  16  eq.  ft.  142  eq.  in.  Uke  ISS  sq.  yd.  136  sq.  lo. 
(«)   100  ba.  Uke  S8  bu.  9  pk.  0  qt  1  pt. 
(/)  14  mi.  84  rd.  16  yd.  13  ft.  11  in.  Uke  8  mi.  27  rd,  11  yd.  4  ft  lOin. 

(a)    28  lb.  11  oi.  4  pwt  14  gr. 

(i)     23  hhd  18  gal.  2  qt  1  pt. 

M    49  T.  3  cwt.  68  !b.  12  oi. 

{d )    16  sq.  yd.  16  sq.  ft  6  sq.  In. 

(^)    71  bu.  1  pk.  2  qt  1  pt 

{/)   11  mL  7  rd.  5  yd.  »  ft  1  in. 


MULTIPLICATION  OF  DENOMINATE  NUMBERS. 
226.     Example.— Multiply  T  lb.  5  oz.  18  pwt  15  gr.  by  12. 
Solution.—  lb.       oi.       pwt       gr. 

7  5  18  15 

12 


80  8  8  12    Ans. 

Explanation. — 15  grains  x  12  =  180  grains.  180  -^  24  =  7 
pennyweights  and  13  grains  remaining.  Place  the  12  in  the 
grain  column  and  carry  the  7  pennyweights  to  the  next. 
Now,  13  X  12  +  7  =  1G3  pennyweights  ;  163  -^  20  =  8  ounces 
and  3  pennyweights  remaining.  Then^  5x12  +  8  =  68 
ounces;  68  -j- 12  =  5  pounds  and  8  ounces  remaining.  Then, 
7  X  12  +  5  =  89  pounds.  The  entire  product  is  80  pound? 
^  ounces  3  pennyweights  12  grains.     Ans. 
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227.  Rule  33. — Multiply  the  number  representing  each 
denominatton  by  the  multiplier,  and  reduce  each  product  to  the 
ttext  higher  denomination,  writing  the  remainders  under  each 
denomination,  and  carrying  the  quotient  to  the  next,  as  in 
addition  of  denominate  numbers. 

22S<  NOTB.  —  In  multiplication  and  division  of  denominate 
numbers,  it  is  sometimes  easier  to  reduce  the  number  to  the  lowest 


denomination  given  before  multiplying  or  dividing:,  especially  if  the 
multiplier  or  divisor  is  a  decimal.  Thus,  in  the  above  example,  had 
the  multiplier  been  1.2,  the  easiest  way  to  multiply  would  have  been  to 
reduce  the  number  to  grains,  then,  multiply  by  1.2,  and  reduce  the 
product  to  higher  denominations.  For  example,  7  lb.  5a%  ISpwt.  15  gr, 
=  43,047  gr.  48,047  x  la  =  51,658.4  gr.  =  8  lb.  11  oz.  12  pwt.  8.4  gr. 
Also.  43.047  X  13  =  516,564  gr.'=  SS  lb.  8  os,  3  pwt.  13  gr.,  as  above. 
The  student  may  use  either  method. 


BXAUPLBS  FOR  PRACTICB. 

229.     Multiply 

(a)  15  cwt.  90  lb,  by  5;  (*)  18  yr,  10  mo.  4  wk.  8  da.  by  14;  (c)  11  mL 
l«nl.  by  30;  (rf)  12  gal.  4  pL  byB|  (r)  8cd.  7ecu.  ft,  by  I6;(/)  4hhd. 
S  gaL  1  qL  1  pt.  by  13. 

i(a)    79  cwt.  50  lb. 
(d)    ISOyr.  llmo.  3wk. 
(r)     339  ml.  20  rd. 
((/)    112  gaL  2qt. 
(e)     128  Cd.  116  cu.  ft. 
(/)    48  hhd.  40  gal.  «  qt. 


DIVISION   OF    DENOMINATE    NUMBERS. 

230.      EzANPLB.— Divide  48  lb.  11  oz.  6  pwt.  by  8. 

SOLUTioM.—  lb.  OS.  pwt.         gr. 

8)48  11  «  0 

e  lb.        1  oz.       8  pwt.     6  gr.    Ans. 

Explanation. — After  placing  the  quantities  as  above, 
proceed  as  follows  :  8  is  contained  in  48  six  times  without  a 
remainder.  8  is  contained  in  11  ounces  once  with  3  ounces 
remaining.  3  X  20  =  60;  60  +  6  =  66  pennyweights;  66  pen- 
nyweights-;- 8  =  8  pennyweights  and  3  remaining;  2x24 
grains  =  48  grains;  48  grains  -J-  8  =  6  grains.  Therefore, 
the  entire  quotient  is  6  pounds  1  ounce  8  pennyweights  6 
grains.     Ans. 

BXAMPLB. — A  silversmith  melted  up  3  lb.  8  oz.  10  pwt,  of  silver, 
which  he  made  into  6  spoons;  what  was  the  weight  of  each  spooa  ? 
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SoLUTiOH. —  lb.  oz.  pwt. 

6)2  8  10 

0  oz.  8  pvrt.    8  gr.    Ans. 

Explanation, — Since  we  can  not  divide  8  pounds  by  6,  we 
reduce  It  to  ounces.  2  pounds  =  24  ounces,  and  24  ounces 
-t-  8   ounces  =  32   ounces ;    32   ounces  —  6  =  5    ounces    and 

2  ounces  over.  2  ounces  =  40  pennyweights.  40  penny- 
weights +  10  pennyweights  =  50  pennyweights,  and  50  pen- 
nyweights -{-6  =  8  pennyweights  and  2  pennyweights  over, 

3  pennyweights  =  48  grains,  and  48  grains  -=-6  =  8  grains. 
Hence,  each  spoon  contains  5  ounces  8  pennyweights  8 
grains.     Ans. 
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231.      EsAitPLE.— Divide  620  rd.  4  yd.  3  ft  by  113. 

rd.      yd.  ft.  rd.  yd.  ft     in. 
Solution.—  113)820     4    3(7     1    2    M48    Aas. 

784 
S  ff  rd.  rem. 


180 
198.0  yd. 


leo 

112 
480 
448 
830 
324 


Explanation. — The  first  quotient  is  7  rods  with  36  rods 
remaining.  6.5X36  =  198  yards;  198  yards +  4  yards  = 
202  yards;  202  yards  -i- 112  =  1  yard  and  90  yards  remain- 
ing. 90  X  3  =  270  feet;  270  feet  +  2  feet  =  272  feet;  272 
feet -4- 112  =  3  feet  and  48  feet  remaining;  48x12=576 
inches;  576  inches  h-  112  =  5.143  inches,  nearly.     Ans. 
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The  preceding  example  is  solved  by  long  division,  because 
the  numbers  are  too  large  to  deal  with  mentally.  Instead 
of  expressing  the  last  result  as  a  decimal,  it  might  have 
been  expressed  as  a  common  fraction.  Thus,  676  -;- 112  = 
6j)|"j  =  6^.  inches.  The  chief  advantage  of  using  a  common 
fraction  is  that  if  the  quotient  be  multiplied  by  the  divisor, 
the  result  Till  always  be  the  same  as  the  original  dividend. 

232.  Kule  34. — Find  how  many  times  the  divisor  is  con- 
tained in  the  first  or  highest  denomination  of  the  dividend. 
Reduce  t/te  remainder  {if  any)  to  the  next  lower  denomination, 
and  add  to  it  the  number  in  the  given  dividend  expressing  that 
denomination.  Divide  this  new  dividend  by  the  divisor.  The 
quotient  will  be  the  next  denomination  in  the  quotient  required. 
Continue  in  this  manner  until  tlu  lowest  denomination  is 
reached.  The  successive  quotients  will  constitute  the  entire 
quotient. 

EXAMPLES  FOR  PRACXICB. 

233.  Divide 

(a)  876  mi.  270  rd.  by  Zt;  (b)  1.187  bu.  3  pk.  4  qt.  1  pt  by  10;  (r)  84 
cwL  48  lb.  4»  OE.  by  10;  {d)  78  sq.  yd.  18  sq.  ft  41  sq.  in.  by  18;  {e)  148 
mi.  64  rd.  24  yd.  by  IS;  (/)  100  tons  10  cwt  18  lb.  11  oz.  by  15;  \g)  86 
lb.  IS  OS.  18  pwt.  14  gr.  by  8;  {h)  113  mi.  48  rd.  by  100. 

■  (a)    17  mi.  41^  rd. 

{b)    118  bu.  8pk.  Iqt.  )pt 

{c)    6  cwt  88  lb.  3;^  <M. 

id)    4  sq.yd.  4  Bq.ft  2^  sq.in. 

M     13  mi.  113  rd.  2  yd. 

{/)    6  tons  14  cwt.  41  lb.  8H  <»• 

{g)    4  lb.  8  oi.  7  pwt  7(  gr. 

(k)    1ml.  SSHrd. 


INVOLUTION. 

234.  IiiTolutlon  is  the  process  of  multiplying  a  num- 
ber by  itself  one  or  more  times.  The  product  obtained  by 
multiplying  a  number  by  itself  is  called  a  power  of  that 
number. 

Thus,  the  second  power  of  3  is  9.  since  3x3  are'  9. 
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The  iiird  power  of  3  is  27,  since  3  X  3  X  3  are  87. 

The  fifth  power  of  i  is  32,  since  8  x  2  X  2  X  2  X  2  are  32. 

235.  An  exponent  is  a  small  figure  placed  to  the  right 
and  a  little  above  a  number  to  show  to  what  power  it  is  to  be 
raised,  or  how  many  times  the  number  is  to  be  used  as  a 
factor,  as  the  small  figures  '■  '■  and '  below : 

3'  =  3  X  3  =  9. 

8'  =  3  X  3  X  3  =  27. 

a' =  2X2X2X2X2  =  32. 

236.  The  root  of  a  number  is  that  number  which,  used 
.  the  required  number  of  times  as  a  factor,  produces  the  num- 
ber.    In  the  above  cases,  3  is  a  root  of  9,  since  3x3  are  9. 
It  is  also  a  root  of  27,  since  3  X  3  x  3  are  27.     Also,  2  is  a 
root  of  32,  since  2  x  2  X  2  X  2  X  2  are  32. 

237.  The  second  power  of  a  number  is  called  its 
square. 

Thus,  5*  is  called  the  square  of  5,  or  5  squared,  and  its 
value  is  5  X  5  =  2S. 

238.  The  third  power  of  a  number  is  called  its  cube. 
Thus,  5'  is  called  the  cube  of  5,  or  6  cubed,  and  its  value  is, 

5  X  S  X  5  =  125. 

To   find    any  power   of  a    number  : 

230.     ExAMPi.B.—'What  Is  the  third  power,  or  cube,  of  85? 
Solution.—  85  x  SO  x  SB, 


8126 

8678 

=  43876 
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240.     EXAHPLB.  —What  is  the  fourth  power  of  16  7 
Solution.—  15  x  15  X 15  X 11^ 


lias 

SS5 
8878 


/nvr/i/^MEvr  =  60025    Ana. 
241.     BxAHPLB.—    1.9>  =  what> 
SOLOTKHI.—  L8y  1.8x1.1 


1.7S8   Ans. 

242.  EzAMPLB.— What  is  the  third  power,  or  cnhe,  ot  |  ? 
Solution—      (I/  =  |  X  |  X  »  =|^4$l  =  ^     ^"^ 

243.  Rule  35. — (<)  To  raise  a  whole  number  or  a  deci- 
mal to  any  power,  use  it  as  a  factor  as  many  times  as  there 
are  units  in  the  exponent. 

(A)  To  raise  a  fraction  to  any  power ,  raise  both  the  numer- 
ator and  denominator  to  the  power  indicated  by  tlie  exponent. 


EXAMPLES  FOtt  PRACTICB. 

244.     Raise  the  following  to  the  powers  indicated; 


{<()     85'. 

<c)     ftp. 
(rf)     W. 


f  (") 

(<:)     42.30. 
id)     88,41& 
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W  (»)■•  f  (»)  H- 

a)  (!)•■  Ans.      </'  «*■ 

(^)  (JA  ■                            I  (f)  H»- 

(A)  l.i".  L  (<*)  6.87824. 

EVOLUTION. 

245.  Evolution  is  the  reverse  of  involution.  It  is  the 
process  of  Bnding  the  root  of  a  number  which  is  considered 
as  a  power. 

246.  The  square  root  of  a  number  is  that  number 
■which,  when  used  twice  as  a  factor,  produces  the  number. 

Thus,  3  is  the  square  root  of  4,  since  2  X  2,  or  2',  =  4. 

247.  The  cube  root  of  a  number  is  that  number  which, 
when  used  three  times  as  a  factor,  produces  the  number. 

Thus,  3  is  the  cube  root  of  27,  since  3  X  3  X  3.  or  3',  =27. 

24S.  The  radical  slcn  ^,  when  placed  before  a  num- 
ber, indicates  that  some  root  of  that  number  is  to  be  found. 

249.  The  Index  of  the  root  is  a  small  figure  placed  over 
and  to  the  left  of  the  radical  sign,  to  show  what  root  is  to  be 
found. 

Thus,  VlOO  denotes  the  square  root  of  100. 
Vl25  denotes  the  cube  root  of  125. 
^256  denotes  the/uar/A  root  of  256,  and  so  on. 

260.  When  the  square  root  is  to  be  extracted,  the  index 
is  generally  omitted.  Thus,  ^100  indicates  the  square  root 
of  100.     Also,  ^225  indicates  the  square  root  of  225. 


SQUARE   ROOT. 

251.  The  largest  number  that  can  be  written  with  one 
figure  is  9,  and  9*  =  81 ;  the  largest  number  that  can  be 
written  with  two  figures  is  99,  and  99*=  9,801;  with  three 
figures  999,  and  999'  =  998,001;  with/aar  figures  9,999,  and 
9,999' =  99,980,001,  etc. 

In  each  of  the  above  it  will  be  noticed  that  the  square  of 
the  number  contains  just  twice  as  many  figures  as  the 
number. 

In  order  to  find  the  square  root  of  a  number,  the  first  step 
is  to  find  how  many  figures  there  will  be  in  the  root.     This 


.dbyGoogle 


80  ARITHMETIC. 

is  done  by  pointing  off  the  number  inta periods  of  two  figures 
each,  beginning  at  the  right.  The  number  of  periods  will 
indicate  the  number  of  figures  in  the  root. 

Thus,  the  square  root  of  83,740,801  must  contain  4  figures, 
since,  pointing  off  the  periods,  we  get  83'74'08'01,  or  4  periods ; 
consequently,  there  must  be  4  figures  in  the  root.  In  like 
manner,  the  square  root  of  50,625  must  contain  3  figures, 
since  there  are  (5'06'35)  3  periods, 

252*     EzAHPLB.— Find  the  square  root  of  Sl.SOS.TW. 

root. 

Solution.—        (a)     s  si'so-srefttseis   Aoi. 

_5  (*>  ^ 

id)  loo  {€)     eoo 

6  888 

108  it)         14  57 

6  iiai 

IISO  33889 

1  8888II 


11238 

Explanation. — Pointing  off  into  periods  of  two  figures 
each,  it  is  seen  that  there  are  four  figures  in  the  root.  Now, 
find  the  largest  single  number  whose  square  is  less  than  or 
equal  to  31,  the  first  period.  This  is  evidently  5,  since 
6'  =  36,  which  is  greater  than  31.  Write  it  to  the  right,  as  in 
long  division,  and  also  to  the  left,  as  shown  at  {a).  This  is 
the  first  figure  of  the  root.  Now,  multiply  the  5  at  {a)  by 
the  5  in  the  root,  and  write  the  result  under  the  first  period, 
as  shown  at  {b).     Subtract,  and  obtain  6  as  a  remainder. 

Bring  down  the  next  period  60,  and  annex  it  to  the  re- 
mainder 6,  as  shown  at  (c),  which  we  call  the  dividend. 
Add  the  root  already  found  to  the  5  at  (a),  getting  10,  and 
annex  a  cipher  to  this  10,  thus  making  it  100,  which  we  call 
the  trial  divisor.  Divide  the  dividend  (<r)  by  the  trial 
divisor  {d),  and  obtain  6,  which  is  probably  the  next  figure 
of  the  root.     Write  6  in  the  root,  as  shown,  and  also  add  it 
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to  100,  the  trial  divisor,  making  it  106.     This  is  called  the 
complete  divisor. 

Multiply  this  by  6,  the  second  figure  in  the  root,  and  sub- 
tract the  result  from  the  dividend  (c).  The  remainder  is  14, 
to  which  annex  the  next  period,  making  jt  1,457,  as  shown 
at  (e),  which  we  call  the  new  dividend.  Add  the  second 
figure  of  the  root  to  the  complete  divisor  106,  and  annex  a 
cipher,  thus  getting  1,120.  Dividing  1,457  by  1,120,  we  get 
1  as  the  next  figure  of  the  root.  Adding  this  last  figure  of 
the  root  to  1,120,  multiplying  the  result  by  it,  and  subtract- 
ing from  1,457,  the  remainder  is  336. 

Annexing  the  next  and  last  period,  69,  the  result  is  33,669. 
Now,  adding  the  last  figure  of  the  root  to  1,121,  and  annexing 
a  cipher  as  before,  the  result  is  11,220  Dividing  33,669  by 
11,220,  the  result  is  3,  the  fourth  figure  in  the  root.  Adding  it 
to  11,220,  and  multiplying  the  sum  by  it,  the  result  is  33,669. 
Subtracting,  there  is  no  remainder;  hence, 4/31, 505,769  = 
5,613.     Ans. 

253*  The  square  of  any  number  wholly  decimal  always 
contains  twice  as  many  figures  as  the  number  squared.  For 
example,  .l'  =  .0l!  .13"  =  .0169;  .751"  =  .564001,  etc. 

264.  It  will  also  be  noticed  that  the  number  squared  is 
always  less  than  the  decimal.  Hence,  if  it  be  required  to 
find  the  square  root  of  a  decimal,  and  the  decimal  has  not  an 
even  number  of  figures  in  it,  annex  a  cipher.  The  best  way 
to  determine  the  number  of  figures  in  the  root  of  a  decimal 
Is  to  begin  at  the  decimal  point,  and,  going  towards  the 
ri^At,  point  off  the  decimal  into  periods  of  two  figures  each. 
Then,  if  the  last  period  contains  but  one  figure,  annex  a 
cipher. 

255.     Example.— What  Is  the  square  root  of  .000576  ? 

GoLUTiOM.—  2  .00'05'76(.0a4     Ans. 
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Explanation, — Beginning  at  the  decimal  point,  and  point- 
ing off  the  number  into  periods  of  two  figures  each,  it  is  seen 
that  the  first  period  is  composed  of  ciphers;  hence,  the  first 
figure  of  the  root  must  be  a  cipher.  The  remaining  portion 
of  the  solution  should  be  perfectly  dear  from  what  has 
preceded, 

256.  If  the  number  is  not  a  perfect  power,  the  root  will 
consist  of  an  interminable  number  of  decimal  places.  The 
result  may  be  carried  to  any  required  number  of  decimal 
places  by  annexing  periods  of  two  ciphers  each  to  the 
number. 

267.  EXAHPLB.— What  is  the  square  root  of  8 1  Find  the  restdt 
to  five  decimal  places. 

Solution.— 1  8.00'00'00'00'00(l.78SOSi-     Ana. 


346406 

Explanation.  — Annexing  five  periods  of  two  ciphers  each 
to  the  right  of  the  decimal  point,  the  first  figure  of  the  root 
is  1.  To  get  the  second  figure,  we  find  that,  in  dividing 
200  by  20,  it  is  10.     This  is  evidently  too  large. 

Trying  9,  we  add  9  to  20,  and  multiply  29  by  9.  the  result 
is  261,  a  result  which  is  considerably  larger  than  200 ;  hence, 
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9  is  too  large.  In  the  same  way  it  is  found  that  8  is  also  too 
large.  Trying  7,  7  times  27  is  189,  a  result  smaller  than 
200;  therefore,  7  is  the  second  figure  of  the  root.  The  next 
two  figures,  3  and  2,  are  easily  found.  The  fifth  figure  in 
the  root  is  a  cipher,  since  the  trial  divisor  34,640  is  greater 
than  the  new  dividend  17,600.  In  a  case  of  this  kind,  we 
annex  another  cipher  to  34,640,  thereby  making  it  346,400, 
and  bring  down  the  next  period,  making  the  1 7,600, 1. 760,000. 
The  next  figure  of  the  root  is  5,  and  as  we  now  have  five 
decimal  places,  we  will  stop. 

The  square  root  of  3  is,  then,  1.7320S  -f.     Ans. 

26S>     EXAUPLB.^Wliat  is  the  square  root  of  .9  to  five  decimal 
SOLQTIOM.—      S  .S0'00'00'00'00(  .94778+    Aiu. 


109042 
Explanation. — In  the  above  example,  we  annex  a  cipher 
to. 3,  making  the  first  period  .30,  since  every  period  of  a 
decimal,  as  was  mentioned  before,  must  have  two  figures  in 
it.     The  remainder  of  the  work  should  be  perfectly  clear, 

259.     If  it  is  required  to  find  the  square  root  of  a  mixed 
number,    begin  at   the  decimal  point,   and   point  ofC   the 
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periods  both  ways.     The  manner  of  finding  the  root  will 
then  be  exactly  the  same  as  in  the  previous  cases. 

260.     Example.— What  is  the  square  root  of  SS8.244I>  ? 
SoLUTiOM.—  1  S'6a24'4»(l«.07    Ana. 


8207 
Explanation. — In  the  above  example,  since  320  is  greater 
than  224,  we  place  a  cipher  for  the  third  figure  of  the  root, 
and  annex  a  cipher  to  320,  making  it  3,200.  Then,  bringing 
down  the  next  period  49,  7  is  found  to  be  the  fourth  figure 
of  the  root.  Since  there  is  no  remainder,  the  square  root  of 
258.2449  is  16.07.     Ans. 

261-  Proof. — To  prove  square  root,  square  the  result 
obtained.  If  the  number  is  an  exact  power,  the  square  of  the 
root  will  equal  it;  if  it  is  not  an  exact  power,  the  square  of 
the  root  will  very  nearly  equal  it. 

262.  Rule  36. — (a)  Begin  at  units  place,  and  separate  the 
number  into  periods  of  two  figures  each,  proceeding  from  left 
to  right  with  the  decimal  part,  if  there  is  any. 

(A)  Find  the  greatest  number  whose  square  is  contained  in 
the  first  or  left-hand  period.  Write  this  number  as  the  first 
figure  in  the  root;  also,  write  it  at  the  left  of  the  given 
number. 

Multiply  this  number  at  the  left  by  the  first  figure  of  the 
root,  and  subtract  the  result  from  the  first  period;  then  annex 
the  second  period  to  the  remainder. 

(c)  .  Add  the  first  figure  of  the  root  to  the  number  in  tk* 
first  column  on  the  left,  and  annex  a  cipher  to  the  result;  this 
is  the  trial  divisor     Divide  the  dividend  by  the  trial  divisor 
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for  the  second  figure  in  tke  root,  and  add  this  figure  to  the 
trial  divisor  to  form  ike  complete  divisor.  Multiply  the  com- 
plete divisor  by  the  second  figure  in  tke  root,  and  subtract  this 
result  from  tke  dividend.  {If  tkis  result  is  larger  than  the 
dividend,  a  smaller  number  must  be  tried  for  the  second  fig- 
ure of  the  root.)  Now  bring  down  the  third  period,  and 
annex  it  to  tke  last  remainder  for  a  new  dividend.  Add 
the  second  figure  of  tke  root  to  tke  complete  divisor,  and  annex 
a  cipher  for  a  new  trial  divisor. 

(d)  Continue  in  this  manner  to  tke  last  period,  after 
which,  if  any  additional  places  in  theroot  are  required,  bring 
down  cipher  periods,  and  continue  the  operation. 

(e)  If  at  any  time  the  trial  divisor  is  not  contained  in  the 
dividend,  place  a  cipher  in  the  root,  annex  a  cipher  to  tke 
trial  divisor,  and  bring  down  anotker  period. 

O  If  the  root  contains  an  interminable  decimal,  and  it 
is  desired  to  terminate  the  operation  at  some  point,  say  tke 
fourth  decimal  place,  carry  the  operation  one  place  further, 
and  if  the  fifth  figure  is  6  or  greater,  increase  the  fourth 
figure  by  1  and  omit  the  sign  +. 

263*  Short  Method. — If  the  number  whose  root  is  to 
be  extracted  is  not  an  exact  square,  the  root  will  be  an  in- 
terminable decimal.  It  is  then  usual  to  extract  the  root  to 
a  certain  number  of  decimal  places.  In  such  cases,  the  wA^k 
may  be  greatly  shortened  as  follows:  Determine  to  how 
many  decimal  places  the  work  is  to  be  carried,  say  5,  for  ex- 
ample; add  to  this  the  number  of  places  in  the  integral  part 
of  the  root,  say  2,  for  example,  thus  determining  the  num- 
ber of  figures  in  theroot,  in  this  case  5  +  2  =  7.  Divide  this 
number  by  %  and  take  the  next  higher  number.  In  the 
above  case,  we  have  7  -^  2  =  3^;  hence,  we  take  i,  the  next 
higher  number.  Now  extract  the  root  in  the  usual  manner 
until  the  same  number  of  figures  have  been  obtained  as  was 
expressed  by  the  number  obtained  above,  in  this  case  4. 
Then  form  the  trial  divisor  in  the  usual  manner,  but  omit- 
ting to  annex  the  cipher;  divide  the  last  remainder  by  the  trial 
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divisor,  as  in  long  division,  obtaining  as  many  figures  of  the 
quotient  as  there  are  remaining  figures  of  the  root,  in  this 
case  7  —  4  =  3.  The  remainder  so  obtained  is  the  remain- 
ing figures  of  the  root. 

Consider  the  example  in  Art.  258.  Here  there  are  5  fig- 
ures in  the  root.  We  therefore  extract  the  root  to  3  places 
in  the  usual  manner,  obtaining  .M7  for  the  first  three 
root  figures.-  The  next  trial  divisor  is  1,094  (with  the 
cipher  omitted),  and  the  last  remainder  is  791.  Then,  791  -i- 
1,094  =  .723,  and  the  next  two  figures  of  the  root  are  73, 
the  whole  root  being  .54773  +.  Always  carry  the  division 
one  place  further  than  desired,  and  if  the  last  figure  is  5  or 
greater,  increase  the  preceding  figure  by  1.  This  method 
should  not  be  used  unless  the  root  contains  five  or  more 
figures. 

Note. — If  the  last  figure  of  the  root  found  in  the  regular  manner  is  a 
cipher,  carry  the  process  one  place  further  before  dividing  as  described 
above. 


BXAMPLBS  FOR  PRACTICE. 

'4.     Find  the  square  root  of 

{«)  186.624 

(«)  489. 

(*)  a.050,624. 

(i)   1.483. 

(<:)  29.856,SM. 

M   6.464. 

(d)  .0116964. 

(rf)  .1081  +. 

W  198,1869. 

W    14.0761. 

(/)  »M,00». 

Ans. 

(/)  997. 

(f )  3.875  to  four  decimal  places. 

ig)  1.6411. 

ii)  1.625  to  three  decimal  places. 

(yi)    1.275. 

(O  .8025. 

(»■)   .65. 

(J)  .571438. 

Ij)  -'659+. 

{*)  .78186. 

(*)  .8889. 

CUBE   ROOT. 

265.     In  the  same  manner  as  in  the  case  of  square  root, 

it  can  be  shown  that  the  periods  into  which  a  number  is 

divided,  whose  cube  root  is  to  be  extracted,  must  contain 
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three  figures,  except  that  the  first  or  left-hand  period  of  a 
whole  or  mixed  number  may  contain  one,  two,  or  three 
figures. 


206.      EXAMPLB— What  to  the  cube  root  of  876.741,858,886  i 

SOLHTIOK.— 

(1) 

9) 

<8) 

7 

4S 

875'741'868'«B6(72ie    Ana. 

1 

08 

848 

14 

T47OO 

~83741 

7 

484 

80248 

210 

1B184 

34988S3 

a 

428 

15S7861 

818 

1S5SS00 

»8«4»S<9« 

3 

91«1 

»864»8d»8 

S14 

1567861 

0 

8 

2163 

8160 
1 

1BO&02800 
18&81S 

SIOl 

ie<083iie 

31886 

ExPLAMATiON. — Write  the  work  in  three  columns  as 
follows :  On  the  right  place  the  number  whose  cube  root  is  to 
be  extracted,  and  point  it  off  into  periods  of  three  figures  each. 
Call  this  column  (3).  Find  the  largest  number  wjiose  cube 
is  less  than  or  equal  to  the  first  period,  in  this  case  7.  Write 
the  7  on  the  right,  as  shown,  for  the  first  figure  of  the  root, 
and  also  on  the  extreme  left  at  the  head  of  column  (1). 
Multiply  the  7  in  column  (1)  by  the  first  figure  of  the  root 
7,  and  write  the  product  49  at  the  head  of  column  {%). 
Multiply  the  number  in  column  (2)  by  the  first  figure  of  the 
root  7,  and  write  the  product  343  under  the  figures  in  the 

u.  If.    i.-l 
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first  period.  Subtract  and  bring  down  the  next  period,  ob- 
taining 32,741  for  the  dividend.  Add  the  first  figure  of  the 
root  to  the  number  in  column  (1),  obtaining  14,  which  call 
the  first  correction.  Multiply  the  first  correction  by  the 
first  figure  of  the  root,  add  the  product  to  the  number  in 
column  (2),  and  obtain  147.  Add  the  first  figure  of  the 
root  to  the  first  correction,  and  obtain  31,  which  call  the 
second  .correction.  Annex  two  ciphers  to  the  number  in 
column  (2),  and  obtain  14, 700  for  the  trial  divisor ;  also,  annex 
one  cipher  to  the  second  correction,  and  obtain  210.  Divi- 
ding the  dividend  by  the  trial  divisor,   we  obtain     '        =3  +, 

and  write  the  2  as  the  second  figure  of  the  root.  Add  the 
2  to  the  second  correction,  and  obtain  212,  which,  multiplied 
by  the  second  figure  of  the  root,  and  added  to  the  trial 
divisor,  gives  15,124,  the  complete  divisor.  This  last  result, 
multiplied  by  the  second  figure  of  the  root  and  subtracted 
from  the  dividend,  gives  a  remainder  of  2,493.  Annexing 
the  third  period,  we  obtain  2,493,863  for  the  new  dividend. 
Adding  the  second  figure  of  the  root  to  the  number  in 
column  (1),  weget214asthe  new  first  correction;  this,  multi- 
plied by  the  second  figure  of  the  root  and  added  to  the  trial 
divisor,  gives  lfi,552.  Adding  the  second  figure  of  the  root 
to  the  first  new  correction  gives  216  as  the  second  new 
correction.  Annexing  two  ciphers  to  the  numlwr  in  column 
(2)  gives  1,555,300,  the  new  trial  divisor.  Annexing  one 
cipher  to  the  second  new  correction  gives  2,160.  Divi- 
ding the  new  dividend  by  the  new  trial  divisor,  we  obtain 

2,493,853      .   .         .       .     ,  L      ..■  J  c  r    ,_ 

<  tte  oiMi  =  1  +,  and  write  1  as  the  third  figure  of  the  root. 

The  remainder  of  the  work  should  be  perfectly  clear  from 
what  has  preceded. 

267.  In  extracting  the  cube  root  of  a  decimal,  proceed 
as  above,  taking  care  that  each  period  contains  three  figures. 
Begin  the  pointing  off  at  the  decimal  point,  going  towards 
the  right.  If  the  last  period  does  not  contain  three  figures, 
annex  ciphers  until  it  does. 
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268.      Example. — What  is  the  cube  root  of  .C 
Sanvrios.—  2  4  .00g'139'829(.90» 

8  _8  *  ■ 

i  120000  113«32e 

8  B481  113932l> 

700  120481  0 

» 

SOS 
BxpifAH ATioH. — Beginning  at  the  decimal  point,  and  point- 
ing off  as  shown,  the  largest  number  whose  cube  is  less  than 
9  is  seen  to  be  2;  hence,  3  is  the  first  figure  of  the  root. 
When  finding  the  second  figure,  it  is  seen  that  the  trial  divi- 
sor 1,200  is  greater  than  the  dividend;  hence,  write  a  cipher 
for  the  second  figure  of  the  root ;  bring  down  the  next  period 
to  form  the  new  dividend;  annex  two  ciphers  to  the  trial 
divisor  to  form  a  new  trial  divisor;  also,  annex  one  cipher  to 
the  60  in  column  (1).    Dividing  the  new  dividend  by  the  new 

1 139329 
trial  divisor,  we  get  -■-,.-..■-  =  9  +,  and  write  9  as  the  third 

figure  of  the  root.     Complete  the  work  as  before. 
209*      BZAMPLB.— Whftt  b  the  cube  root  of  78.347.800089  ? 
SOCOTION. —  root 

4  le  78'347.80»'eS9  (42.79 

4  82  64 


4800 

14347 

244 

10088 

SlFil 

4259609 

248 

3766488 

629200 

493336639 

8869 

4S332A639 

sssotig 

0 

8918 

64698700 

115371 

64814071 

,ab,GoOgIc 


•0  ARITHMETIC. 

Explanation. — Since  we  have  a  mixed  number,  begin 
at  the  decimal  point  and  point  off  periods  of  three  figures 
each,  in  both  directions.  The  first  period  contains  but  two 
figures,  and  the  largest  number  whose  cube  is  less  than  78  is 
4;  consequently,  1  is  the  first  figure  of  the  root.  The  re- 
mainder of  the  work  should  be  perfectly  clear.  When  divi- 
ding the  dividend  by  the  trial  divisor  for  the  third  figure  of 
the  root,  the  quotient  was  8  -|- ;  but,  on  trying  it,  it  was  found 
that  8  was  too  large,  the  complete  divisor  being  considerably 
larger  than  the  trial  divisor.  Therefore,  7  was  used  instead 
of  8. 

270.     Example.— What  is  the  cube  root  of  S  to  five  decimal  places! 

Solution.—  rm 

1  1  6.000'000'000'000000{1.70»»7  + 


% 

80 

_7 

800       4000 

S60       8018 

669         87000000 

SOB         78448839 

87 

7 

8670000 
4&961 

8658171000 
7889»»23»9 

44 

7 

871B981 
48063 

666178701000 
614014817978 

8100 
9 

878204800 
461611 

63164888087 

6109 
9 

876665811 
461693 

6118 

87712740800 
8590889 

B1270 
g 

87718881189 

61379 
9 

61388 
9 

G1S970 
7 

61S977 
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Explanation. — In  the  preceding  example  we  annex  five 
periods  of  ciphers,  of  three  ciphers  each,  to  the  6  for  the 
decimal  part  of  the  root,  placing  the  decimal  point  between 
the  6  and  the  6rst  cipher.  Since  it  is  easy  to  see  that  the 
next  figure  of  the  root  will  be  6,  we  increase  the  last  figure 
by  1,  obtaining  1.70998  for  the  correct  root  to  5  decimal 
places.     Ans. 

i271>     EXAHPLB.— What  is  the  cube  root  of  .5  to  four  decimal 

Solution.— 


14 

14700 

7 

1071 

810 

18671 

S 

20S3 

21» 

1872800 

9 

7110 

828 

1879410 

9 

7138 

9870 

188864700 

8 

ie«67» 

2878 

iS88aia7» 

28707 

Explanation. — In  the  above  example  we  annex  two 
ciphers  to  the  .5  to  complete  the  first  period,  and  three 
periods  of  three  ciphers  each.  The  cube  root  of  500  is  7 ; 
this  we  write  as  the  first  figure  of  the  root.  The  remainder 
of  the  work  should  be  perfectly  plain  from  the  explanations 
of  the  preceding  examples. 
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272.     Example. 

—What  is  the  cube  root  of  .08  to  four 

places? 

Solution.— 

S 

« 

.060'000'000'000(.36 

8 

18 

87 

~J 

2700 

^000 

8 

576 

19656 

90 

8270 

8844000 

« 

«12 

8180082 

98 

888800 

163968000 

6 
103 

8704 
887504 

162685604 
ia8a40« 

6 

8788 

1080 

40627200 

8 
1088 

4417S 
40671876 

11044 

273.  Proof.— To  ^ove  cube  root,  cube  ike  result  ob- 
tained. If  the  given  number  is  an  exact  power,  the  cube  of 
the  root  will  equal  it;  if  not  an  exact  power,  the  cube  of  the 
root  will  very  nearly  equal  it. 

274.  Rule  37. — (a)  Arrange  t/ie  work  in  three  columns, 
placing  the  number  whose  cube  root  is  to  be  extracted  in  the 
third  or  right-hand  column.  Begin  at  units  place,  and  sep- 
arate the  number  tnto  periods  of  three  figures  each,  proceed- 
ing from  the  decimal  point  towards  the  right  with  the 
decimal  part,  if  there  is  any. 

(6)  Find  the  greatest  number  whose  cube  is  not  greater 
than  the  number  in  the  first  period.  Write  this  number  as 
the  first  figure  of  the  root ;  also,  write  it  at  the  head  of  the 
first  column.  Multiply  the  number  in  the  first  column  by  the 
first  figure  in  the  root,  and  write  the  result  in  the  second 
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column.  Multiply  ike  number  in  the  second  column  by  ike 
first  figure  of  the  root ;  subtract  the  product  from  the  first 
period,  and  annex  the  second  period  to  the  remainder  for  a 
new  dividend ;  add  the  first  figure  of  the  root  to  the  number 
in  the  first  column  for  the  first  correction.  Multiply  the 
first  correction  by  the  first  figure  of  the  root,  and  add  the 
product  to  the  number  in  the  second  column.  Add  the  first 
figure  of  the  root  to  the  first  correction  to  form  the  second 
correction.  Annex  one  cipher  to  the  second  correction,  and 
two  ciphers  to  the  last  number  in  the  second  column  ;  the  last 
number  in  the  second  column  is  the  trial  divisor. 

(c)  Divide  the  dividend  by  the  trial  divisor  to  find  the 
second  figure  of  the  root.  Add  the  second  figure  of  the  root 
to  the  number  in  the  first  column,  multiply  the  sum  by  the 
second  figure  of  the  root,  and  add  the  result  to  the  trial  divi- 
sor to  form  the  complete  divisor.  Multiply  the  complete  divi- 
sor by  the  second  figure  of  the  root,  subtract  the  result  from 
the  dividend  in  the  third  column,  and  annex  the  third  period 
to  the  remainder  for  a  new  dividend.  Add  the  second  figure 
of  the  root  to  the  number  in  the  first  column  to  form  t/te  first 
correction;  multiply  the  first  correction  by  the  second  figure 
of  the  root,  and  add  the  product  to  the  complete  divisor.  Add 
the  second  figure  of  tlie  root  to  the  first  correction  to  form  the 
second  correction.  Annex  one  cipher  to  the  second  correction, 
and  two  ciphers  to  the  last  number  in  the  second  column  to 
form  the  new  trial  divisor. 

(d)  If  there  are  more  periods  to  be  brought  down,proceed 
as  before.  If  there  is  a  remainder  after  the  root  of  the  last 
period  lias  been  found,  annex  cipher  periods^  and  proceed  as 
before.     The  figures  of  the  root  thus  obtained  will  be  decimals. 

(e)  If  the  root  contains  an  interminable  decimal,  and  it  is 
desired  to  terminate  the  operation  at  some  point,  say  the 
fourth  decimal  place,  carry  the  operation  one  place  further^ 
and  if  the  fifth  figure  is  5  or  greater,  increase  the  fourth 
figure  by  1  and  emit  the  sign  +. 

Art.  263  can  be  applied  to  cube  root  (or  any  other 
root)  as  well  as  to  square  root.      Thus,   in  the  example, 
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Art.  270,  there  are  to  be  6  +  1  =  6  figures  in  the  root. 
Extracting  the  root  in  the  usual  manner  to  6  -^  2  =  3,  say  4. 
figures,  we  get  for  the  first  four  figures  1,709.  The  last  re- 
mainder is  8,556,171,  and  the  next  trial  divisor  with  the 
ciphers  omitted  is  8,762,043.  Hence,  the  next  two  figures 
of  the  root  are  8,556,171  -^  8,762,043  =  .976,  say  .98.  There- 
fore, the  root  is  1.70998.    

ROOTS   OF    FRACTIONS. 

275.  If  a  given  number  is  in  the  form  of  a  fraction  and 
it  is  required  to  find  some  root  of  it,  the  simplest  and  most 
exact  method  is  to  reduce  the  fraction  to  a  decimal  and 
extract  the  required  root  of  the  decimal.  If,  however,  the 
numerator  and  denominator  of  the  fraction  are  perfect 
powers,  extract  the  required  root  of  each  separately,  and 
write  the  root  of  the  numerator  for  a  new  numerator,  and 
the  root  of  the  denominator  for  a  new  denominator. 

276.  ExAiiFLK.— What  is  the  square  root  of  J^  ? 
Solution.— j/Jl-  =  i-L  =  I- 

277.  Example.— What  b  the  square  root  of  f  7 
Solution.— V^=  ^.636  =  .7906. 

278.  Example.— What  is  the  cube  root  of  fj  ' 

279.  Example.— What  is  the  cube  root  of  i  ? 
Solution.- Since  J  =  .26.  #^  =  #t?6  =  .020011  +. 

2SO.  Rule  38. — Extrtict  (he  required  root  of  ike  numer- 
ator and  denominator  separately;'  or,  reduce  the  fraction  to  a 
decimal  and  extract  the  root  of  the  decimal. 

BXAMPLBB  FOR  PRACTICB. 

281.     Find  the  cube  root  of 

ifi)  S  to  four  decimal  places.  ib)  1.3SO0+. 

(0   4,I60,7W,192.46a  to  three  decimal  placea.  (0  1,610.0«!L 

id)  M-  '^  ■   (rf)  -8888+. 
M  |.  (*)  .7211+. 

</)  018,228.  T8S80ei44  to  three  decimal  places.  [  if)  80.064 
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TO   EXTRACT   OTHER    ROOTS   THAN   THE 
SQUARE    AND    CUBE    ROOTS. 

282.  ExAiiPLK— What  is  the  fourth  root  of  £56 } 
Solution.—  ^/§6e  =  le. 

^16  =  4. 

Therefore.  l^  =  i.    Ans. 

In  this  example,  ^356,  the  index  is  4,  which  equals  3x2. 
The  root  indicated  by  2  is  the  square  root;  therefore,  the 
square  root  is  extracted  twice. 

283.  ExAHPLK.— What  is  the  siith  root  of  647 

SOLOTIOM.—  VlB  =ft 

Therefore.  I' 04=  2.    Ans. 

In  this  example,  4/^  the  index  is  6,  which  equals  2X3- 
The  root  indicated  by  3  is  the  cube  root;  therefore,  the 
square  and  cube  roots  are  extracted  in  succession. 

284.  Rule  39. — Separate  the  index  of  the  required  root 
into  its  factors  {S's  and  S's),  and  extract  successively  the  roots 
indicated  by  the  several  factors  obtained.  The  final  result  will 
be  the  required  root. 

285.  ExAMPLB.— What  is  the  sixth  root  of  93.878,680  to  two 
decimal  places  7 

Solution.—  6  =  8x8.  Hence,  extract  the  cube  root,  and  then 
extract  the  square  root  of  the  result.  ^92,878,580  =1 482.8801,  and 
f'452.8601  =  21.28  +.    Ans. 

286.  It  matters  not  which  root  is  extracted  first,  but  it 
is  probably  easier  and  more  exact  to  extract  the  cube  root 
first 

EXAMPLES  FOB  PRACTICE. 

287.  Extract  the 

(a)    Fourth  root  of  100.  {.(a)    &ie32T+. 

(i)    Fourth  root  of  3,049,800,625.  Ans.  -j  (&)    235. 

\c)     Sixth  root  of  9,474,296,898.  (  (c)    46. 
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RATIO. 

288.  Suppose  that  it  is  desired  to  compare  two  num- 
bers, say  30  and  4.  If  we  wish  to  know  how  many  times 
larger  'iO  is  than  4,  we  divide  20  by  4  and  obtain  5  for  the 
quotient;  thus,  20^4  =  5,  Hence,  we  say  that  20  is  5 
times  as  large  as  4,  i,  e,,  20  contains  6  times  as  many  units 
as  4.  Again,  suppose  we  desire  to  know  what  part  of  20  is 
4.  We  then  divide  4  by  20  and  obtain  \ ;  thus,  4  -i-  20  =  j, 
or  .2.  Hence,  4  is  ^  or  ,2  of  20,  This  operation  of  compar- 
ing two  numbers  is  termed  finding  the  ratio  of  the  two  num- 
bers. Ratio,  then,  is  a  comparison.  It  is  evident  that  the 
two  numbers  to  be  compared  must  be  expressed  in  the 
same  unit;  in  other  words,  the  two  numbers  must  both 
be  abstract  numbers  or  concrete  numbers  of  the  same  kind. 
For  example,  it  would  be  absurd  to  compare  20  horses  with 
4  birds,  or  20  horses  with  4.  Hence,  ratio  may  be  de- 
fined as  a  comparison  between  two  numbers  of  the  same 
kind. 

289.  A  ratio  may  be  expressed  in  three  ways;  thus,  if 
it  is  desired  to  compare  20  and  4,  and  express  this  compari- 
son as  a  ratio,  it  may  be  done  as  follows:  20  +  4;  20  :  4,  or 

20 

■J-.     All  three  are  read  the  ratio  of  SO  to  ^     The  ratio  of 

A 

4  to  20   would   be  expressed   thus:    4  +  20;    4  ;  20,  or  jj:. 

The  first  method  of  expressing  a  ratio,  although  correct,  is 
seldom  or  never  used ;  the  second  form  is  the  one  oftenest 
met  with,  while  the  third  is  rapidly  growing  in  favor,  and  is 
likely  to  supersede  the  second.  The  third  form,  called  the 
fractional  form,  is  preferred  by  modern  mathematicians, 
and  possesses  great  advantages  to  students  of  algebra  and 
of  higher  mathematical  subjects.  The  second  form  seems 
to  be  better  adapted  to  arithmetical  subjects,  and  is  one  we 
shall  ordinarily  adopt;  There  is  still  another  way  of  express- 
ing a  ratio,  though  seldom  or  never  used  in  the  case  of  a 
simple  ratio  like  that  given  above.  Instead  of  the  colon,  a 
straight  vertical  line  is  used;  thus,  20  j  4. 
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290.  The  terms  of  a  ratio  are  the  two  numbers  to  be 
compared;  thus,  in  the  above  ratio,  30  and  4  are  the  terms. 
When  both  terms  are  considered  together,  they  are  called  a 
couplet ;  when  considered  separately,  the  first  term  is 
called  the  antecedent,  and  the  second  term  the  conae> 
quent.  Thus,  in  the  ratio  W  -.  4,  20  and  4  form  a  couplet, 
and  20  is  the  antecedent,  and  4  the  consequent. 

29  !•  A  ratio  may  be  direct  or  Inverse.  The  direct 
ratio  of  20  to  4  is  20  :  4,  while  the  inverse  ratio  of  20  to  4  is 
4  :  20.  The  direct  ratio  of  4  to  20  is  4  :  20,  and  the  inverse 
ratio  is  20  :  4.  An  inverse  ratio  is  sometimes  called  a 
reciprocal  ratio.      The   reciprocal  of    a   number   is    1 

divided  by  the  number.     Thus,  the  reciprocal  of  17  is  j^; 

of  f  is  1  -T-§  =  i;  i.e.,  the  reciprocal  of  a  fraction  is  the 
fraction  inverted.     Hence,  the  inverse  ratio  of  20  to  4  may 

be  expressed  as  4  :  20,  or  as  ~  :  j.     Both  have  equal  values ; 

292.  The  term  vary  implies  a  ratio.  When  we  say 
that  two  numbers  vary  as  some  other  two  numbers,  we 
mean  that  the  ratio  between  the  first  two  numbers  is  the 
same  as  the  ratio  between  the  other  two  numbers. 

293.  The  value  of  a  ratio  is  the  result  obtained  by 
performing  the  division  indicated.  Thus,  the  value  of  the 
ratio  20:4  is  5,  it  is  the  quotient  obtained  by  dividing  the 
antecedent  by  the  consequent. 

294.  By  expressing  the  ratio  in  the  fractional  form,  for 

20 
example,  the  ratio  of  20  to  4  as  —,  it  is  easy  to  see,  from 

the  laws  of  fractions,  that  if  both  terms  be  multiplied,  or 
both  divided  by  the  same  number,  it  will  not  alter  the  value 
of  the  ratio.     Thus, 

20  _  20  X  5  _  100  20  _  20  -H  4  _  5 

4  ~  4  X  6    ~    30  '  4         4-5-4         1' 
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295.  It  IS  also  evident,  from  the  laws  of  fractions,  that 
multiplying  the  antecedent  or  dividing  the  consequent  mul- 
tiplies the  ratio ;  and  dividing  the  antecedent  or  multiplying 
the  consequent  divides  the  ratio. 

2&6.  When  a  ratio  is  expressed  in  words,  as  the  ratio  of 
20  to  4,  the  first  number  named  is  always  regarded  as  the 
antecedent  and  the  second  as  the  consequent,  without 
regard  to  whether  the  ratio  itself  is  direct  or  inverse.  WAen 
net  other-wise  specified,  all  ratios  are  understood  to  be  direct. 
To  express  an  inverse  ratio,  the  simplest  way  of  doing  it  13 
to  express  it  as  if  it  were  a  direct  ratio,  with  the  first  num- 
ber named  as  the  antecedent,  and  then  transpose  the  ante- 
cedent to  the  place  occupied  by  the  consequent  and  the 
consequent  to  the  place  occupied  by  the  antecedent ;  or  if 
expressed  in  the  fractional  form,  invert  the  fraction.  Thus, 
to  express  the  inverse  ratio  of  20  to  4,  first  write  it  80 : 4,  and 

then,  transposing  the  terms,  as  4 :  20;  or  as  -— ,  and  then  in- 

4 
verting  as  r-.     Or,  the  reciprocals  of  the  numbers  may  be 

taken,  as  explained  above.     To  lovcrt  a  ratio  is  to  trans- 
pose  its  terms.  

EXAMPLES  FOR  PHACTICB. 

s  the  value  of  the  ratio  of 


297.     WhatU 

(a)  08  to  48  ? 

(4)  $45  to  IS? 
W.«ito|? 

id)  8.5  to  4.8? 

(e)  The  inverse  ratio  of  76  to  19  ? 

(/)  The  inverse  ratio  of  49  to  98  r 

{£)  Theinverseratioof  18  to24? 

(A)  The  inverse  ratio  of  9  to  1.5  ? 

(/')  The  ratio  of  10  to  3,  multiplied  by  8? 

(/■)  The  ratio  of  85  to  49,  multiplied  by  7  ? 

{k)  The  ratio  of  18  to  64.  divided  by  9  ? 

{/)  The  ratio  of  14  to  28,  divided  by  07 


(a)     9. 


(») 

5. 

<0 

m. 

w 

.711. 

w 

i. 

I/) 

3. 

<«■) 

u. 

(« 

11. 

(0 

10. 

0) 

5. 

<« 

A. 

tf) 

A- 

298.     Instead  of  expressing  the  value  of  a  ratio  by  a 
single  number,  as  above,  it  is  customary  to  express  it  by 
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means  of  another  ratio  in  which  the  consequent  is  1.  Thus, 
suppose  that  it  is  desired  to  find  the  ratio  of  the  weights  of 
two  pieces  of  iron,  one  weighing  45  pounds  and  the  other 
weighing  30  pounds.  The  ratio  of  the  heavier  to  the  lighter 
is  then  45  :  30,  an  inconvenient  expression.  Using  the  frac- 
tional form,  we  have  ^.     Dividing  both  terms  by  30,  the 

consequent,  we  obtain  -p  or  1^  ;  1,  This  is  the  same  result 
as  obtained  above,  for  11-^1  =  1^,  and  45  -4-  30  =  IJ. 

299.  A  ratio  may  be  squared,  cubed,  or  raised  to  any 
power,  or  any  root  of  it  may  be  taken.  Thus,  if  the  ratio  of 
two  numbers  is  105  :  63,  and  it  is  desired  to  cube  this  ratio, 
the  cube  may  be  expressed  as  105*  :  63*.  That  this  is  correct 
is  readily  seen;  for,  expressing  the  ratio  in  the  fractional 

fonn,itbecomes-r7r,andthecubeis|---7r-|  =^;si-=105'  ;  63'. 
63  \  63  /       63 

Also,  if  it  is  desired  to  extract  the  cube  root  of  the  ratio 

106' ;  63',  it  may  be  done  by  simply  dividing  the  exponents 

by  3,  obtaining  105  :  63.     This  may  be  proved  in  the  same 

way  as  in  the  case  of  cubing  the  ratio.     Thus,  105*  :  63'  = 

/105\'         ,  /// 105  \'      105       ,„^     „„ 
(■^),andl/(—)  =^=106:63. 

300.  Since  (■^)'=  (|)',  it  follows  that  106' :  63"  = 

6'  :  3'  (this  expression  is  read:  the  ratio  of  105  cubed  to  63 
cubed  equals  the  ratio  of  6  cubed  to  3  cubed),  it  follows 
that  the  antecedent  and  consequent  may  always  be  multi- 
plied or  divided  by  the  same  number,  irrespective  of  any 
indicated  powers  or  roots,  without  altering  the  value  of  the 
ratio.  Thus,  24'  :  18'  =  4'  :  3',  For,  performing  the  opera- 
tions indicated  by  the  exponents,  24"  =  576  and  18'  =  324. 
Hence,  676  :  324  =  1}  or  Ij  :  1.  Also,  4'  =  16  and  3"  =  9; 
hence,  16  ;  9  =  IJorl)  :  1,  the  same  result  as  before.     Also, 
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The  statement  may  be  proved  for  roots  in  the  same  man- 
ner. Thus,  i^' :  fij*  =  vT"  :  i^J".  For  the  f^'  =  24 
and  ^'  =  18;  and,  24  :  18  =  IJ^or  li  :  1.  Also,  f4*  =  4 
and  1?^  =  3 ;  4  :  3  =  li  or  IJ  ;  1. 


fractional  form,  it  becomes  rr-,,  whichcatnnot  be  expressed  either  >&(o-) 


<)'■' 


Q  not  be  reduced  as  described  above. 


PROPORTION. 

301>  Proportion  is  an  equality  of  ratios,  the  equality 
being  indicated  by  the  double  colon  { : : )  or  by  the  sign  of 
equality  (=).  Thus,  to  write  in  the  form  of  a  proportion 
the  two  equal  ratios,  8 :  4  and  6 :  3,  which  both  have  the  same 
value  2,  we  may  employ  one  of  the  three  following  forms: 

8  :  4  ::  6  :  3  (1) 

8:4  =  6:3  (2) 

-  =  -  (3) 

4      3  ^  ' 

302.  The  first  form  is  the  one  most  extensively  used, 
by  reason  of  its  having  been  exclusively  employed  in  all  the 
older  works  on  mathematics.  The  second  and  third  forms 
are  being  adopted  by  all  modern  writers  on  mathematical 
subjects,  and,  in  time,  will  probably  sntirely  supersede  the 
first  form.  In  this  paper  we  shall  adopt  the  second  form, 
unless  some  statement  can  be  made  clearer  by  using  the 
third  form. 

303.  A  proportion  may  be  read  in  two  ways.  The  old 
way  to  read  the  above  proportion  was:  8  is  to  4  os  8  is  to  S; 
the  new  way  is:  l/te  ratio  of  8  to  4  equals  the  ratio  of  6  to  S. 
The  student  may  read  it  either  way,  but  we  recommend  the 
latter. 

304.  Each  ratio  of  a  proportion  is  termed  a  couplet. 
In  the  above  proportion,  8 ;  4  is  a  couplet,  and  so  is  6 :  3. 
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306.  The  numbers  forming  the  proportion  are  called 
terms;  and  they  are  numbered  consecutively  from  left  to 
right,  thus  ; 

first  second  third  fourth 
8:4   =    6:3 

Hence,  In  any  prvpuriion,  the  ratio  of  the  first  term  to  the 
second  term  equals  the  ratio  of  the  third  term  to  the  fourth 
term. 

306.  The  first  and  fourth  terms  of  a  proportion  are 
called  the  extremes,  and  the  second  and  third  terms  the 
means.  Thus,  in  the  foregoing  proportion,  8  and  3  are  the 
extremes  and  4  and  6  are  the  means. 

307.  A  direct  proportion  is  one  in  which  both  coup- 
lets are  direct  ratios. 

308.  An  Inverse  proportion  is  one  which  requires 
one  of  the  couplets  to  be  expressed  as  an  inverse  ratio. 
Thus,  8  is  to  4  inversely  as  3  is  to  6  must  be  written  8:4  = 
6  :  3;  i.  e.,  the  second  ratio  (couplet)  must  be  inverted. 

3O0.  Proportion  forms  one  of  the  most  useful  sections 
of  arithmetic.  In  our  grandfathers'  arithmetics,  it  was 
called  "  The  rule  of  three. " 

310.  Rule  40. — In  any  proportion,  the  product  of  the 
extremes  equals  t lie  product  of  the  means. 

Thus,  in  the  proportion, 

17  :  51  =  14  :  43. 
17  X  42  =  61  X  14,  since  both  products  equal  714. 

311.  Rule  41. —  The  product  of  the  extremes  divided 
by  either  mean  gives  the  other  tnean. 

Example. —What  is  the  third  term  of  the  proportion  17  ;  51  =    :  43  7 
Solution.— Applying  the  rule,  17  X42  =  7U.  and  714+61  =  14.  Ans. 

312.  Rule  42. —  The  product  of  the  means  divided  by 
either  extreme  gives  the  other  extreme. 

Example.— What  is  the  first  term  ot  the  proportion     :  61  =  14  :  42  ? 
SoLUTiON.^Applying  the  rule,  61x14=714,  and  714  ■<- 43  =  17.  Ans. 
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313.  When  stating  a  proportion  in  wliich  one  of  the 
terms  is  unknown,  represent  the  missing  term  by  a  letter, 
as  X.     Thus,  the  last  example  would  be  written, 

4: :  61  =  14  :  43 
and  for  the  value  of  x  we  have  x  =  — — —  =  17. 

314.  If  the  same  (addition  and  subtraction  excepted) 
operations  be  performed  upon  ail  of  the  terms  of  a  propor- 
tion, the  proportion  is  not  thereby  destroyed.  In  other 
words,  if  all  of  the  terms  of  a  proportion  be  (1)  multiplied 
or  (2)  divided  by  the  same  number;  (3)  if  all  the  terms  be 
raised  to  the  same  power;  if  (4)  the  same  root  of  all  the 
terms  be  taken,  or  (5)  if  both  couplets  be  inverted,  the  pro- 
portion still  holds.  We  will  prove  these  statements  by  a 
numerical  example,  and  the  student  can  satisfy  himself  by 
other  similar  ones.  The  fractional  form  will  be  used,  as  it 
is  better  suited  to  the  purpose.  Consider  the  proportion 
8:4  =  6:3.     Expressing  it  in  the  third  form,  it  becomes 

-  =  -.     What  we  are  to  prove  is  that,    if  any  of  the  five 

operations  enumerated  above  be  performed  upon  all  of  the 
terms  of  this  proportion,  the  first  fraction  will  still  equal 
the  second  fraction. 

JX7 


6X  !■          56 

42 
21- 

Now  ^  evidently  equals  ^, 

since 

the  value  of  either 

'  ratio  is  2,  and  the  same  is 

true  of  the 

original  proportion 

2.     Dividing  all  the  ' 

terms  by  any  number,  say 

'•rr 

7 
~1  ~ 

3-^7'°'^+      f 

But 

8      4      „        J  6       3 

2  also 

,  the 

same  as  in  the  original  proportion, 

3.     Raising  all  the  terms  to  the  same  power,  say  the  cube, 
ji  =  5-,.     This  is  evidently  true,  since  ■-■,  =  I -1  =  2'  =;  8, 

and  |i  =  (!)'=  2- =  8  also. 
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4.  Extracting  the  same  root  of  all  the  terms,  say  the  cube 

root,  7^  =  T^.     It   is  evident   that  this  is  likewise  true, 

.       f8        ./8       .^         fe        ,/6       „ 
^"^^^Fl~  V  4  ~^3,  and^-  "^-3  -  f  3  also. 

5.  Inverting  both  couplets,  5^—01  which  is  true,  since 
both  equal  ^. 

315.  If  both  terms  of  either  couplet  be  multiplied  or 
both  divided  by  the  same  number,  the  proportion  is  not  de- 
stroyed. This  should  be  evident  from  the  preceding  article, 
and  also  from  Art.  294.  Hence,  in  any  proportion,  equal 
factors  may  be  canceled  from  the  terms  of  a  couplet,  before 
applying  rule  41  or  42.  Thus,  the  proportion  45:  9  =  jt: 
7.1,  we  may  divide  both  terms  of  the  first  couplet  by  9  (that 
is,  cancel  9  from  both  terms),  obtaining  5 : 1  =  x:1.\,  whence 
^  =  7. 1  X  5  -5-  1  =  35. 5.     (See  note  in  Art.  300.) 

316.  The  principle  of  all  calculations  in  proportion  is 
this:  Three  of  the  terms  are  always  given,  and  the  remain- 
ing one  is  to  be  found. 

317.  Example.— If  4  men  can  earn  120  in  one  week,  how  much 
can  12  men  earn  in  the  same  time  ? 

SoLUTioy. — The  required  term  muse  bear  the  same  relation  to  the 
given  term  of  the  same  kind  as  one  of  the  remaining  terms  bears  to 
the  other  renia.ining  term.  We  can  then  form  a  proportion  by  which 
the  required  term  may  be  found. 

The  Rrst  question  the  student  must  ask  himself  in  every  calculation 
by  proportion  is : 

■•  What  is  it  I  want  to  find  1 " 

In  this  case  it  is  dollars.  We  have  two  sets  of  men,  one  set  earning 
fSS,  and  we  want  to  know  how  many  dollars  the  other  set  earns.  It  is 
.  evident  that  the  amount  12  men  earn  bears  the  same  relation  to  the 
amount  that  4  men  earn  as  12  men  bears  to  4  men.  Hence,  we  have  the 
proportion,  the  amount  13  men  earn  is  to  (25  as  12  men  Is  to  4  men; 
or,  since  either  extreme  equals  the  product  oE  the  means  divided  by  the 
Other  extreme,  we  have 

The  amount  12  men  earn  :  $39  =  13  men  ;  4  men, 
or  the  amount  12  men  earn  =  — 3 —  =  |7B.    Ans, 
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Since  it  matters  not  which  place  x  or  the  required  term  occupies,  th« 
problem  could  be  stated  as  any  of  the  following  forms,  the  value  of  x 
being  the  same  in  each  : 

{a)    $25  :  the  amount    13  men   earn  =  4  men  :  13  men ;    or  the 

amount  12  men  earn  =    ^ — .  or  $75,  since  either  mean  equals 

the  product  of  the 
(*)     4   men  :  13 

amount   that   13  n 

equals  the  product  of  the  means  divided  by  the  other  e: 

(<:)     13    men  ;  4    men  =  the    amount    13  men    earn  :  VSiO ;    or   the 

amount  that  13  men  earn  =  ??^>^,  or  |75,  since  either  mean  equals 

the  product  of  the  extremes  divided  by  the  other  mean. 

318*  n  the  proportion  is  an  inverse  one,  first  form  it 
as  though  it  were  a  direct  proportion,  and  then  invert  one 
of  the  couplets. 

EXAMPLES  FOR  PBACTICB. 

319*     Find  the  value  of  xia  each  of  the  following: 


(a)     »18;»64::j::H 

(a)    x  =  V.. 

(«)     * :  85  ::  10  :  17. 

(*)     jr=50. 

(c)     7A:x  ::  15  :  40. 

(c)    x  =  W. 

<ji)    18  :  94  ::  a  :  .e. 

Ana. 

(rf)    ^  =  10t. 

ie)     »75  :  $100  =  .r ;  100, 

M     .t  =  75. 

if)    ISpwt.  :  j:=21:10. 

(/>    ,r=7tpwL 

ig)    .t  :75  yd.  =$15:  $6. 

ig)    jr  =  335yd. 

1.    If  75  pounds  of  lead  cost 

$3.10.  what  would  135  pounds  cost  at 

the  same  rale  ? 

Ans.  $3.60. 

2.  If  A  does  a  piece  of  work  in  4  days  and  B  does  it  in  7  days,  how 
long  will  it  take  A  to  do  what  B  does  in  68  days  ?  Ans.  86  days. 

8.  The  circumferences  of  any  two  circles  are  to  each  other  as  their 
diameters.  If  the  circumference  of  a  circle  7  inches  in  diameter  Is 
22  inches,  what  will  be  the  circumference  of  a  circle  81  inches  in 
diameter  f  Ana.  OTI  inches. 


INVERSE    PROPORTION. 

320.    In  Art,  308,  an  inverse  proportion  was  defined 

as  one  which  required  one  of  the  couplets  to  be  expressed  as 

an  inverse  ratio.     Sometimes  the  word  inverse  occurs  in  the 
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statement  of  the  example  ;  in  such  cases  the  proportion 
can  be  written  directly,  merely  inverting  one  of  the  coup- 
lets. But  it  frequently  happens  that  on?y  by  carefully 
studying  the  conditions  of  the  example  can  it  be  ascertained 
whether  the  proportion  is  direct  or  inverse.  When  in  doubt, 
the  student  can  always  satisfy  himself  as  to  whether  the 
proportion  is  direct  or  inverse  by  first  ascertaining  what  is 
required,  and  stating  the  proportion  as  a  direct  proportion. 
Then,  in  order  that  the  proportion  may  be  true,  if  the  first 
term  is  smaller  than  the  second  term,  the  third  term  must 
be  smaller  than  the  fourth  ;  or  If  the  first  term  is  larger 
than  the  second  term,  the  third  term  must  be  larger  than 
the  fourth  term.  Keeping  this  in  mind,  the  student  can 
always  tell  whether  the  required  term  will  be  larger  or 
smaller  than  the  other  term  of  the  couplet  to  which  the  re- 
quired term  belongs.  Having  determined  this,  the  student 
then  refers  to  the  example,  and  ascertains  from  its  condi- 
tions whether  the  required  term  is  to  be  larger  or  smaller 
than  the  other  term  of  the  same  kind.  If  the  two  determi- 
nations agree,  the  proportion  is  direct;  otherwise,  it  is 
inverse,  and  one  of  the  couplets  roust  be  Inverted. 

321*  Example. —If  A's  rate  oi  doing  work  Is  to  B'boe  5  :  7.  and 
A  does  a  piece  of  work  in  42  days,  in  what  time  will  B  do  it  ? 

SOLUTIOM.— The  required  term  is  the  number  of  daya  it  will  take 
B  to  do  the  work.    Hence,  stating  as  a  direct  proportion. 

0  :  7  =  42  :  J-. 
Now,  since  7  is  greater  than  6,  j:  will  be  greater  than  42.    But,  referring 
to  the  statement  of  the  example,  it  is  easy  to  see  that  B  works  faster 
than  A ;  hence  it  will  take  B  a  less  number  of  days  lo  do  the  work  than 
A,    Therefore,  the  proportion  is  an  Inverse  one,  and  should  be  stated 

5i7  =  .r:42, 
from  which  x  =  — = —  =  80  days.   Ana. 

Had  the  example  been  stated  thus:  The  time  that  A  requires  to  do  a 
piece  of  work  is  to  the  time  that  B  requires,  as  S  :  7;  A  can  do  it  in  43 
days;  in  what  time  can  B  do  it  ?  it  is  evident  that  It  would  take  B  a 
longer  time  to  do  the  work  than  it  would  A ;  hence,  j-would  be  greater 
than  4S,  and  the  proportion  would  be  direct,  the  value  of  x  being  — = — 
=  58.8  days. 
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BXAMPLBS  FOR  PRACTICB. 

322.  Solve  the  following: 

1.  If  a  pump  which  discharges  4  gaL  of  water  per  min.  can  fill  a  tank 
In  30  hr.,  how  long  will  it  take  a  pump  discharging  12  gal.  per  min.  to 
miit?  Ans.  Sfhr. 

S.  The  circular  seam  of  a  boiler  reqaires  SO  rivets  when  the  pitch 
Is  2^  in. ;  how  many  would  be  required  if  the  pitch  were  8^  in.? 

Ans.  40. 

8.  The  spring  hangers  on  a  certain  locomotive  are  3^  in.  wide  and 
J  in.  thick;  those  on  another  engine  are  of  same  sectional  area,  but 
are  S  in.  wide :  bow  thick  are  they  ?  Ans.  f  in. 

4.  A  locomotive  with  driving  wheels  18  ft  in  circumference  runs  a 
certain  distance  in  S.OCO  revolutions;  how  many  revolutions  would  it 
make  in  going  the  same  distance,  if  the  wheels  were  22  fL  in  circam- 
ference  (no  allowance  for  slip  being  made  In  either  case)  ? 

Ans.  3,68ft^rev. 

POWERS  AND  ROOTS  IN  PROPORTION. 

323.  It  was  stated  in  Art.  299  that  a  ratio  could  be 
raised  to  any  power  or  any  root  of  it  might  be  taken.  A 
proportion  is  frequently  stated  in  such  a  manner  that  one  of 
the  couplets  must  be  raised  to  some  power  or  some  root  of 
it  must  be  taken.  In  all  such  cases,  both  terms  of  the  coup- 
let so  affected  must  be  raised  to  the  same  power  or  the  same 
root  of  both  terms  must  be  taken. 

324.  Example. — Knowing  that  the  weight  of  a  sphere  varies 
as  the  cube  of  its  diameter,  what  is  the  weight  of  a  sphere  6  inches  in 
diameter  if  a  sphere  8  inches  in  diameter  of  the  same  material  weighs 
180  pounds? 

Solution. — This  is  evidently  a  direct  proportion.     Hence,  we  write 

6'  :  8'  =  .r  :  180. 
Dividing  both  terms  of  the  first  couplet  by  2"  {see  Art.  300), 
a*  :  4»  =  -r :  180.  or  27  :  64  =  .r :  180  ; 
_2TX180_ 
64 


whence,  x  =  — ~ —  =  751[  pounds.    Ans. 


ExAUPLB. — A  sphere  8  inches  in  diameter  weighs  180  pounds  ;  what 
is  the  diameter  of  another  sphere  of  the  same  material  which  weighs 
75}t  pounds  ? 

Solution. — Since  the  weights  of  any  two  spheres  are  to  each  other 
u  the  cubes  of  their  diameters,  we  have  the  proportion 
180  :  76tf  =  8" :  *^'. 
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X,  tbe  required  term,  must  be  cubed,  because  the  other  term  of  the 
couplet  is  cubed  (see  Art.  323).     But,  &■  =  S12;  hence, 

180  :  75it  =  518  i  x\  or  jc •  =  -^^it^^  =  31« ; 
whence,  x  =  f/HO  =  0  inches.    Ans. 

325.  Since  taking  the  same  root  of  all  of  the  terms  of  a 
proportion  does  not  change  its  value  (Art,  31 4),  the  above 
example  might  have  been  solved  by  extracting  the  cube  root 
of  all  of  the  numbers,  thus  obtaining  ^igo  ;  y'75ii  = 
8  :  x;  whence, 

^'llO      ~  V    180   ~°'V2,880  ~''V64~ 

8  X  J  =  6  inches.     The  process,  however,  is  longer  and  is 
Dot  so  direct,  and  the  first  method  is  to  be  preferred. 

326>  If  two  cylinders  have  equal  volumes,  but  different 
diameters,  the  diameters  are  to  each  other  inversely  as  the 
square  roots  of  their  lengths.  Hence,  if  it  is  desired  to  find 
the  diameter  of  a  cylinder  that  is  to  be  15  inches  long,  and 
which  shall  have  the  same  volume  as  one  that  is  9  inches  in 
diameter  and  13  inches  long,  we  write  the  proportion 
9  :  -^^  =  V^  :  4/13. 

Since  neither  12  nor  15  are  perfect  squares,  we  square  all 
of  the  terms  (Arts.  325  and  314)  and  obtain 

81  :  .e  =  15  :  12;  whence  jr*  =  ^^  ,^ ^^  =  6*8. 

and  X  =  4/64.8  =  8.05  inches  =:  diameter  of  16-inch  cylinder. 


\  FOB  PRACTICE. 
327>      Solve  the  following  examples: 

1.  The  intensity  of  light  varies  inversely  as  the  square  of  the  dis- 
tance from  the  source  of  light.  If  a  gas  jet  illuminates  an  object  80 
feet  away  with  a  certain  distinctness,  how  much  brighter  will  the 
object  be  at  a  distance  of  SO  feet  ?  Ans.  2i  times  as  bright. 

2.  In  the  last  example,  suppose  that  the  object  had  been  40  feet 
from  the  gas  jet;  how  bright  would  it  have  been  compared  with  its 
brightness  at  80  feet  from  the  gas  jet  t  Ana.  ^  as  bright 

8-  When  comparing  one  light  with  another,  the  intensities  of  their 
lUuminating  powers  vary  as  the  squares  of  their  distances  from  tha 
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source  If  &  mao  can  just  distinguish  the  time  Indicated  by  his  watch, 
50  feet  from  a  certain  light,  at  what  distance  could  he  distinguish  the 
time  from  a  light  S  times  as  powerful  ?  Ans.  86.6-t-  feet. 

4  The  quantity  of  air  flowing  through  a  mine  varies  directly  as 
the  square  root  of  the  pressure.  If  60.000  cubic  feet  of  air  flow  per 
minute  when  the  pressure  is  2.8  pounds  per  square  foot,  how  much  will 
flow  when  the  pressure  is  8.6  pounds  per  square  foot  ? 

Ans.  68,0S4  cu.  ft,  per  min.,  nearly. 

6.  In  the  last  example,  suppose  that  70,000  cubic  feet  per  minute 
had  been  required;  what  would  be  the  pressure  necessary  for  this 
quantity  ?  Ans.  8.81+  lb.  per  sq.  ft. 


CAUSES    AND    EFFECTS. 

328.  Many  examples  in  proportion  may  be  more  easily 
solved  by  using  the  principle  of  cause  and  effect.  That 
which  may  be  regarded  as  producing  a  change  or  alteration 
in  something,  or  as  accomplishing  something,  may  be  called 
a  cause,  and  the  change,  or  alteration,  or  thing  accom- 
plished, is  the  effect. 

329.  Like  causes  produce  like  effects.  Hence,  when  two 
causes  of  the  same  kind  produce  two  effects  of  the  same 
kind,  the  ratio  of  the  causes  equals  the  ratio  of  the  effects; 
in  other  words,  the  first  cause  is  to  the  second  cause  as  the 
first  effect  is  to  the  second  effect.  Thus,  in  the  question,  if 
3  men  can  lift  1,400  pounds,  how  many  pounds  can  7  men 
lift  t  we  call  3  men  and  7  men  the  causes  (since  they  ac- 
complish something,  viz.,  the  lifting  of  the  weight),  the 
number  of  pounds  lifted,  viz.,  1,400  pounds  and  x  pounds, 
are  the  effects.  If  we  call  3  men  the  first  cause,  1,400 
pounds  is  the  first  effect;  7  men  is  the  second  cause,  and  * 
pounds  is  the  second  effect.     Hence,  we  may  write 

1st  cause      Xd  cause  1st  effect      td  effect 

8:7      =      1,400     :     x, 

7x1  400 
whence  x  = ^ =  3,266|  pounds. 

330.  The  principle  of  cause  and  effect  is  extremely  use- 
ful in  the  solution  of  examples  in  compound  proportion,  as 
we  shall  now  show. 
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COMPOUND    PROPORTION. 

331.  All  the  cases  of  proportion  so  far  considered  have 
been  cases  of  simple  proportion;  i.  e.,  each  term  has 
beea  composed  of  but  one  number.  There  are  many  cases, 
however,  in  which  two  or  all  of  the  terms  have  more  than 
one  number  in  them;  all  such  cases  belong  to  compound 
proportion.  In  all  examples  in  compound  proportion, 
both  causes  or  both  effects  or  all  four  consist  of  more  than 
two  numbers.     We  will  illustrate  this  by  an 

Example.— If  40  men  earn  $1,280  in  16  daya,  how  much  will  80  men 
earn  in  81  days  ? 

Solution.— Since  40  men  earn  something,  40  men  is  a  cause,  and 
since  they  take  16  d^ys  in  which  to  earn  something,  18  days  is  also  a 
cause.  For  the  same  reason.  86  men  and  81  days  are  also  causes.  The 
effects,  that  which  ts  earned,  are  1,280  dollars  and  .r  dollars.  Then,  40 
men  and  IS  days  make  up  the  tirst  cause,  and  36  men  and  81  days  make 
up  the  second  cause,  $1,380  is  tb«  first  effect  and  9x  is  the  second 
effect.    Hence,  we  write 

Isieause    id  cause        1st  effect    td  effect 
40       .       86        _        1  afto   ■      r 
16-81        -        ^'^   =     ' 

Now,  instead  of  using  the  colon  to  express  the  ratio,  we  shall  use  the 
vertical  line  (see  Art  289),  and  the  above  becomes 

S  I  S  =  '•»»  I  -■ 

In  the  last  expression,  the  product  of  all  of  the  numbers  included 
between  the  vertical  lines  must  equal  the  product  of  all  the  numbers 
without  them;  Le.,  86x31  >:l,S80  =  40x  16  x  .r. 


86x81  x;sig_ 


Or.r='"^"'^,;"^  =  »2.2a2.    Ana. 


332.  The  above  might  have  been  solved  by  canceling 
factors  of  the  numbers  in  the  original  proportion.  For  if 
any  number  within  the  lines  has  a  factor  common  to  any. 
number  without  the  lines,  that  factor  may  be  canceled  from 
both  numbers.  Thus,  16  is  contained  in 
I  2       j 

;ft  1 31     -  im  I  ■ 

1,280,  80  times.     Cancel  16  and  1,280,  and  write  80  above 
1,280.     10  is  contained  in   80,  2   u'mes.     Cancel  40  and  80, 
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and  write  2  above  80.  Now,  since  there  are  no  more  num- 
bers that  can  be  canceled,  j:  =  36  X  31  X  3  =  »2,232,  he 
same  result  as  was  obtained  in  the  last  article. 

333.  Hule  43. —  Write  all  ike  numbers  forming  the  first 
cause  in  a  vertical  column,  and  draw  a  vertical  line  ;  on  the 
other  side  of  this  line  write  in  a  vertical  column  all  of  the 
numbers  forming  the  second  cause.  Write  ike  sign  of 
equality  to  the  right  of  the  second  column,  and  on  the  right 
of  this  form  a  third  column  of  the  numbers  composing  tke 
first  effect,  drawing  a  vertical  line  to  tke  right;  on  the  other 
side  of  this  line,  write,  for  a  fourth  column,  tke  numbers 
composing  the  second  effect.  There  must  be  as  many  numbers 
in  the  second  cause  as  in  the  first  cause,  and  in  the  second  ef- 
fect as  in  the  first  effect ;  hence,  if  any  term  is  wanting,  write 
X  in  its  place.  Multiply  together  all  of  the  numbers  within 
the  vertical  lines,  and  also  all  those  -without  the  lines  {cancel- 
ing previously,  if  possible),  and  divide  tke  product  of  those 
numbers  which  do  not  contain  x  by  tke  product  of  the  others 
in  which  X  occurs,  and  the  result  will  be  tke  value  of  x. 

334.  Example.— If  40  men  cao  dig  a  ditch  730  feet  long,  6  feet 
wide  and  4  feet  deep  in  a  certain  time,  how  long  a  ditch  6  feet  deep  and 
8  feet  wide  could  24  men  dig  in  the  same  time  ? 

Solution.— Here  40  men  and  34  men  are  the  causes  and  the  two 
ditches  are  the  effects.     Hence, 


ft         24    =      &  ;[  whence,  j:  =  24x6X«  =  480feet.    Ans. 

*  9 

335.  ExAHPLB, — The  volume  of  a  cylinder  varies  directly  as  Ita 
length  and  directly  as  the  square  of  its  diameter.  If  the  volume  of  a 
cylinder  10  inches  in  diameter  and  20  inches  long  is  1,570.8  cubic  inches, 
what  is  the  volume  of  another  cylinder  16  inches  In  diameter  and 
24  inches  long  ? 

Solution.— In  this  example,  either  the  dimensions  or  the  volumes 
may  be  considered  the  causes;  say  we  take  the  dimensions  for  the 
causes.    Then,  squaring  the  diameters, 

10*    I    16'  _  ,  ._„  n     [     ^     „,    100    I    266     _     ,  R,rt  a     I     .- 
20  24    =  i.oTO-o     \    ^-     *'^     ^     \     ^i     =     I.otO.8         x; 

I  I  6      j      6  I 

Whence.  x=^^^^]^^'^-^  =  4,826.4976  cubic  inches.    Ana. 
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Ill 


336.  ExANPLs. — If  a  block  of  granite  B  ft.  long,  S  ft.  wide  and  3 
ft.  thick  weighs  7,200  lb.,  what  will  be  the  weight  of  a  block  of  granite 
12  ft  long,  8  ft  wide  and  B  ft  thick  ? 

Solution.— Taking  the  weights  as  the  efiects,  we  have 
I     *  I 

*    \    f^         _ 

f         fS  =  7,1200        X.  or  rsix  7,300  =  28,800  pounds.    Adb. 


337.  EXAMPLB. — If  13  compositors  in  80  days  of  10  hours  each 
set  up  26  sheets  of  t6  pages  each,  83  lines  to  the  page,  in  how  many 
days  8  hours  long  can  IB  compositors  set  up,  in  the  same  type,  64  sheets 
of  12  pa.ge3  each,  40  lines  to  the  page  ? 

Solution. — Here  compositors,  days,  and  hours  compose  the  causes, 
and  sheets,  pages,  and  lines  the  effects.     Hence, 


f» 


?f 


99 


H 


=  8xI0x2  =  60day8.     Ana. 


338.  In  examples  stated  like  that  in  Art.  336,  should 
an  inverse  proportion  occur,  write  the  various  numbers  as 
in  the  preceding  examples,  and  then  transpose  those  num- 
bers which  are  said  to  vary  inversely  from  one  side  of  the 
vertical  line  to  the  other  side. 

EXAUFLB. — The  centrifugal  force  of  a  revolving  body  varies  directly 
as  its  weight,  as  the  square  of  its  velocity  and  inversely  as  the  radiua  of 
the  circle  described  by  the  center  of  the  body.  If  the  centrifugal  force 
of  a  body  weighing  15  pounds  is  187  pounds  when  the  body  revolves  in 
a  circle  having  a  radius  of  13  inches,  with  a.  velocity  of  20  feet  per  sec- 
ond, what  will  be  the  centrifugal  force  of  the  same  body  when  the  radius 
is  increased  to  18  inches  and  the  speed  is  increased  to  24  feet  per  second  ? 

Solution. — Calling  the  centrifugal  force  the  effect,  we  have, 


15 
20» 


Transposing  12  and  16  (si) 
ing  20  and  34, 


15 


187 


e  the  radii  are  to  vary  inversely)  and  squor- 


=  179.52  pounds.     Ana. 
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BZAMPI.BS  FOR  PRACTICE. 

338«     Solve  the  following  by  compound  proportion; 

1.  If  IS  men  dig  a  trench  40  rods  long  in  S4  days  of  10  hours  each, 
how  many  rods  can  16  men  dig  in  18  days  of  9  hours  each  7 

Ans.  36  rods. 

9.  If  a  piece  of  iron  7  fL  long,  4  In.  wide,  and  6  in.  thick  weighs  600 
lb.,  how  much  will  a  piece  of  iron  weigh  that  is  16  ft.  long,  8  in.  wide 
and  4  ia  thick?  •  Ans.  1,828^  lb. 

3.  If  24  men  can  build  a  wall  73  rods  long,  6  feet  wide,  and  S  feet 
high  in  60  days  of  10  hours  each,  how  many  days  will  it  take  82  men  to 
build  a  wall  W  rods  long,  i  feet  wide  and  6  feet  high,  working  8  hours 
a  day  ?  Ans.  80  days. 

4.  The  horsepower  of  an  engine  varies  as  the  mean  effective  pressure, 
as  the  piston  speed  and  as  the  square  of  the  diameter  of  the  cylinder. 
If  an  engine  having  a  cylinder  14  inches  in  diameter  develops  119 
horsepower  when  the  mean  effective  pressure  is  48  pounds  per  square 
Inch  and  the  piston  speed  is  SOO  feet  per  minute,  what  horsepower  will 
another  engine  develop  if  the  cylinder  is  10  inches  in  diameter,  piston 
speed  is  000  feet  per  minute,  and  mean  effective  pressure  is  66  pounds 
per  square  inch  ?  Ans,  204.8  horsepower. 

5.  Referring  to  the  example  in  Art  33S,  what  will  bo  the  volume 
of  a  cylinder  30  inches  in  diameter  and  34  inches  long  ? 

Ans.  7,538.84  cubic  inches. 

a.     Knowing  that   the  product  of  8xOx7X9is  &45,  what  is  the 

product  of  ex  10X14x80}  Ana.  4S.S«a 

7.  The  speed  in  miles  per  hour  of  a  locomotiva  is  directly  pro- 
portional to  ths  diameter  of  its  driving  wheels  and  the  number  of 
revolutions  they  make  in  one  minute.  A  locomotive  with  driving 
wheels  66  inches  in  diameter  runs  29.45  miles  in  an  hour  when  the 
wheels  make  150  revolutions  per  minute;  how  many  miles  will  be  run 
in  one  hour  by  a  locomotive  having  wheels  73  inches  in  diameter 
running  320  revolutions  per  minute  ?  Ans.   47.13  miles  per  hour. 

8.  The  capacity  of  a  cylindrical  boiler  is  proportional  to  its  length 
and  the  square  of  its  diameter.  A  boiler  13  feet  long  and  48  inches  in 
diameter  will  hold  1.128  gallons;  what  is  the  capacity  of  a  boiler  16  feet 
long  and  43  inches  in  diameter  ?  Ans.  1,101.9  gallons. 

9.  The  power  that  may  be  transmitted  by  a  belt  is  proportional 
to  its  width  and  the  diameter  and  number  of  revolutions  made  by  the 
pulley  on  which  it  runs.  If  a  belt  12  inches  wide  will  transmit  10 
horsepower  when  running  over  a  pulley  20  inches  in  diameter  that 
makes  135  revolutions  per  minute,  how  many  horsepower  may  be 
transmitted  by  a  belt  8  inches  wide  when  running  over  a  pulley  80 
inches  in  diameter  that  makes  300  revolutions  per  minute  ? 

Aqs.  16  horsepower. 
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10.  The  load  that  a  beam  supported  at  the  two  ends  will  carry  is 
directly  proportional  to  its  width  and  the  square  of  its  depth,  and 
inversely  proportional  to  its  length.  If  an  oak  beam  8  inches  wide,  13 
inches  deep,  and  15  feet  long  will  safely  carry  a  load  of  18,824  pounds, 
what  is  the  safe  load  that  a  beam  10  inches  wide,  IS  inches  deep,  and 
20  feet  long  will  support  7  Ana.  28,040  pound& 


.dbyGoogle 


,ab,GoOgIc 


Mensuration  and  Use  of  Leiters 

IN  FORMULAa 


FORMULAS. 


340>  The  term  formula,  as  used  in  mathematics  and 
in  technical  books,  may  be  defined  as  a  rule  in  which  symbols 
are  Hsedinstead  of  words  ;  in  fact,  a  formula  may  be  regarded 
as  a  shorthand  method  of  expressing  a .  rule.  Any  formula 
can  be  expressed  in  words,  and  when  so  expressed  it  becomes 
a  rule. 

Formulas  are  much  more  convenient  than  rules;  they 
show  at  a  glance  all  the  operations  that  are  to  be  performed  - 
they  do  not  require  to  be  read  three  or  four  times,  as  is  the 
case  with  most  rules,  to  enable  one  to  understand  their 
meaning;  they  take  up  much  less  space,  both  in  the  printed 
book  and  in  one's  note-book,  than  rules;  in  short,  whenever 
a  rule  can  be  expressed  as  a  formula,  the  formula  is  to  be 
preferred. 

As  the  term  "  quantity  "  is  a  very  convenient  one  to  use, 
we  will  define  it.  In  mathematics,  the  word  quantity  is 
applied  to  anything  that  it  is  desired  to  subject  to  the  ordi- 
nary operations  of  addition,  subtraction,  multiplication,  etc.^ 
when  we  do  not  wish  to  be  more  specific  and  state  exactly 
what  the  thing  is.  Thus,  we  can  say  "two  or  more  num- 
ber8,"or"two  or  more  quantities;"  the  word  quantity  is 
more  general  in  its  meaning  than  the  word  number. 

341.  The  signs  used  in  formulas  are  the  ordinary  signs 
indicative  of  operations,  and  the  signs  of  aggregation.  All 
these  signs  are  explained  in  arithmetic,  but  some  of  them 
will  here  be  explained  in  order  to  refresh  the  studentfs 
memory. 

For  notice  of  the  copyright,  ks  fA^t  Immedtately  (oUowinB  the  title  p«tre. 
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The  sigDS  indicative  of  operations  are  six  in  number,  viz. : 

+,-,  x,+,  l.y. 

Division  is  indicated  by  the  sign  -^,  or  by  placing  a  straight 
line  between  the  two  quantities.  Thus,  25  |  17,  25  /  17, 
and -|^  all  indicate  that  25  is  to  be  divided  by  17.  When 
both  quantities  are  placed  on  the  same  horizontal  line,  the 
straight  line  indicates  that  the  quantity  on  the  left  is  to 
be  divided  by  that  on  the  right.  When  one  quantity  is 
below  the  other,  the  straight  line  between  indicates  that 
the  quantity  above  the  line  is  to  be  divided  by  the  one 
below  it. 

The  sign  (f')  indicates  that  some  root  of  the  quantity  to 
the  right  is  to  be  taken;  it  is  called  the  radical  bIeii.  To 
indicate  what  root  is  to  be  taken,  a  small  figure,  called  the 
Index,  is  placed  within  the  sign,  this  being  always  omitted 
when  the  square  root  is  to  be  indicated.  Thus,  j/%5  indi- 
cates that  the  square  root  of  25  is  to  be  taken ;  ^  25  indicates 
that  the  cube  root  of  25  is  to  be  taken;  etc. 

The  signs  of  aggregation  are  four  in  number;  viz., , 

()t  [  ]>  ^'^^  I  !i  respectively  called  the  vinculum,  the  pa- 
rentbesls,  the  bracifets,  and  the  brace ;  they  are  used 
when  it  is  desired  to  indicate  that  all  the  quantities  in- 
cluded by  them  are  to  be  subjected  to  the  same  operation. 
Thus,  if  we  desire  to  indicate  that  the  sum  of  6  and  8  is  to 
be  multiplied  by  7,  and  we  do  not  wish  to  actually  add 
fi  and  8  before  indicating  the  multiplication,  we  may  employ 
any  one  of  the  four  signs  of  aggregation  as  here  shown : 
r+8  X  7,  (5  +  8)  X  7,  [5  +  8]  X  7,  I  5  -[-  8  I  X  7.  The  vin- 
culum is  placed  above  those  quantities  which  are  to  be  treated 
as  one  quantity  and  subjected  to  the  same  operations. 

While  any  one  of  the  four  signs  may  be  used  as  shown 
above,  custom  has  restricted  their  use  somewhat.  The 
vinculum  is  rarely  used  except  in  connection  with  the  radical 
sign.  Thus,  instead  of  writing  f  (5-[-8),  f  [5  +  8],  or 
^(5  +  8}  for  the  cube  root  of  S  plus  8,  all  of  which  would 
be  correct,  the  vinculum  is  nearly  always  used,  |/5-|-8. 

In  cases  where  but  one  sign  of  aggregation  is  needed  (ex- 
cept, of  course,  when  a  root  is  to  be  indicated),  the  parenthesis 
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is  always  used.     Hence,  (5  -|-  8)  x  7  would  be  the  usual  way 
of  expressing  the  product  of  5  plus  8,  and  7. 

If  two  signs  of  aggregation  are  needed,  the  brackets  and 
parenthesis  are  used,  so  as  to  avoid  having  a  parenthesis 
within  a  parenthesis,  the  brackets  being  placed  outside.  For 
example,  [(20  —  5)  -i-  3]  X  9  means  that  the  difference  be- 
tween 20  and  5  is  to  be  divided  by  3,  and  this  result  multi- 
plied by  9. 

If  three  signs  of  aggregation  are  required,  the  brace, 
brackets,  and  parenthesis  are  used,  the  brace  being  placed 
outside,  the  brackets  next,  and  the  parenthesis  inside.  For 
example,  {[{30  —  6)  -i-  3]  X  9  —  21  f  -^  8  means  that  the 
quotient  obtained  by  dividing  the  difference  between  20 
and  5  by  3  is  to  be  multiplied  by  9,  and  that  after  21  has 
been  subtracted  from  the  product  thus  obtained,  the  result 
is  to  be  divided  by  8. 

Should  it  be  necessary  to  use  all  four  of  the  signs  of  aggre- 
gation, the  brace  would  be  put  outside,  the  brackets  next,  the 
parenthesis  next,  and  the  vinculum  inside.  For  example, 
{[{W^^~Z)  X9-21]h-8|  X12. 

As  stated  in  arithmetic,  when  several  quantities  are  con- 
nected  by  the  various  signs  indicating  addition,  subtraction, 
multiplication,  and  division,  the  operation  indipated  by  the 
sign  of  multiplication  must  always  be  performed  first.  Thus, 
2  +  3x4  equals  14,  3  being  multiplied  by  4,  before  adding 
to  2.  Similarly,  10  -^  3  X  5  equals  1,  since  3x5  equals  10,  " 
and  10  -i- 10  equals  1.  Hence,  in  the  above  case,  if  the  brace 
were  omitted,  the  result  would  be  i,  whereas,  by  inserting 
the  brace,  the  result  is  36. 

Following  the  sign  of  multiplication  comes  the  sign  of 
division  in  order  of  importance.  For  example,  fi  —  9  -^  3 
equals  2,  9  being  divided  by  3  before  subtracting  from  5. 
The  signs  of  addition  and  subtraction  are  of  equal  value; 
that  is,  if  several  quantities  are  connected  by  plus  and  minus 
signs,  the  indicated  operations  may  be  performed  in  the 
order  in  which  the  quantities  are  placed. 

There  is  one  other  sign  used,  which  is  neither  a  sign  of 
aggregation  nor  a  sign  indicative  of   an  operation   to  be 
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performed ;  it  is  (  =  ),  and  is  called  the  sign  of  equality  ;  It 
means  that  all  on  one  side  of  it  is  exactly  equal  to  all  on  the 
other  side.     For  example,  2=2,  5— S  =  2,  6x(l4— 9)  =  25. 

342.  Having  called  particular  attention  to  certain  signs 
used  in  formulas,  the  formulas  themselves  will  now  be  ex- 
plained. First,  consider  the  well-known  rule  for  finding  the 
horsepower  of  a  steam-engine,  which  may  be  stated  as  follows : 

Divide  the  continued  product  of  the  mean  effective  pressure 
in  pounds  per  square  inch,  the  length  of  the  stroke  in  feet,  the 
area  of  the  piston  in  square  inches,  and  the  number  of  strokes 
per  minute,  by  SS,000;  the  result  will  he  the  horsepower. 

This  is  a  very  simple  lule,  and  very  little,  if  anything, 
will  be  saved  by  expressing  it  as  a  formula,  so  far  as  clear- 
ness is  concerned.  The  formula,  however,  will  occupy  a 
great  deal  less  space,  as  we  shall  show. 

An  examination  of  the  rule  will  show  that  four  quantities 
(viz.,  the  mean  effective  pressure,  the  length  of  the  stroke, 
the  area  of  the  piston,  and  the  number  of  strokes)  are  mul- 
tiplied together,  and  the  result  is  divided  by  33,000.  Hence, 
the  rule  might  be  expressed  as  follows: 


mean  effective  pressure         stroke 
{in  pounds  per  square  inch)     (In  feet) 


Horsepowi 

.*   „.-.„..  1,.,  „»  ..„!,.=    ^  ^  ^^ 


area  of  piston         number  of  strokes 
(in  square  inches)  (per  minute) 


This  expression  could  be  shortened  by  representing  each 
quantity  by  a  single  letter;  thus,  representing  horsepower 
by  the  letter  "//,"  the  mean  effective  pressure  in  pounds 
per  square  inch  by  "/',"the length  of  stroke  in  feet  by  "i," 
the  area  of  the  piston  in  square  inches  by  'M,"  the  number 
of  strokes  per  minute  by  "iV,"  and  substituting  these  letters 
for  the  quantities  that  they  represent,  the  above  expression 
would  reduce  to 

Py.Ly.Ay.N 


H=- 


33,000 


a  much  simpler  and  shorter  expression.     This  last  expres- 
sion is  called  a  formula. 
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The  formala  just  given  shows,  as  ve  stated  in  the  begin- 
ning, that  a  formula  is  really  a  shorthand  method  of  ex- 
pressing a  rule.  It  is  customary,  however,  to  omit  the  sign 
of  multiplication  between  two  or  more  quantities  when  they 
are  to  be  multiplied  together,  or  between  a  number  and  a 
letter  representing  a  quantity,  it  being  always  understood 
that,  when  two  letters  are  adjacent  with  no  sign  between 
them,  the  quantities  represented  by  these  letters  are  to  be 
multiplied.  Bearing  this  fact  in  mind,  the  formula  just 
given  can  be  further  eimpUtied  to 


H  = 


33,000 


The  sign  of  multiplication,  evidently,  can  not  be  omitted 
between  two  or  more  numbers,  as  it  would  then  be  impos- 
sible to  distinguish  the  numbers,  A  near  approach  to  this, 
however,  may  t)e  attained  by  placing  a  dot  between  the 
numbers  which  are'  to  be  multiplied  together,  and  this  is 
frequently  done  in  works  on  mathematics  when  it  is  desired 
to  economize  space.  In  such  cases  it  is  usual  to  put  the  dot 
higher  than  the  position  occupied  by  the  decimal  point. 
Thus,  a-3means  thesameasax  3j  643-749-l,006  indicates 
that  the  numbers  642,  749,  and  1,008  are  to  be  multiplied 
together. 

It  is  also  ciistomary  to  omit  the  sign  of  multiplication  in 
eipressions  similar  to  the  following ;  ay.^b-^c,Z  X  (^  +  1^), 
(*  +  c)  X  «,  etc,  writing  them  ai^b-^c,  3(*  +  ^),  {b-\-c)a, 
etc  The  sig^  is  not  omitted  when  several  quantities  are 
Included  by  a  vinculum,  and  it  is  desired  to  indicate  that 
the  quantities  so  included  are  to  be  multiplied  by  another 
quantity.  For  example,  3  X  ^  +  <;,  b-\-cy.a,i^b-\-cy.a, 
etc.,  are  always  written  as  here  printed. 

343.  Before  proceeding  further,  we  will  explain  one 
other  device  that  is  used  by  formula  makers  and  which  is 
apt  to  puzzle  one  who  encounters  it  for  the  first  time — ^it  is 
the  use  of  what  mathematicians  call  primes  and  subs,,  and 
what  printers  call  superior  and  inferior  characters.  As  a 
rule,  formula  makers  designate  quantities    by  the  Initial 
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letters  of  the  names  of  the  quantities.  For  example,  they 
represent  volume  by  v,  pressure  by  /,  height  by  A,  etc. 
This  practice  is  to  be  commended,  as  the  letter  itself  serves 
in  many  cases  to  identify  the  quantity  which  it  represents. 
Some  authors  carry  the  practice  a  little  further,  and  repre- 
sent all  quantities  of  the  same  nature  by  the  same  letter 
throughout  the  book,  always  having  the  same  letter  repre- 
sent the  same  thing.  Now,  this  practice  necessitates  the 
use  of  the  primes  and  subs,  above  mentioned,  when  two 
quantities  have  the  same  name  but  represent  different  things. 
Thus,  consider  the  -viotA  J>ressure  as  applied  to  steam,  at  dif- 
ferent stages  between  the  boiler  and  the  condenser.  First, 
there  is  absolute  pressure,  which  is  equal  to  the  gauge  pres- 
sure  in  pounds  per  square  inch  plus  the  pressure  indicated 
by  the  barometer  reading  (usually  assumed  in  practice  to  be 
14.7  pounds  per  square  inch,  when  a  barometer  is  not  at 
hand).  If  this  be  represented  by/,  how  shall  we  represent 
the  gauge  pressure  ?  Since  the  absolute  pressure  is  always 
greater  than  the  gauge  pressure,  suppose  we  decide  to  repre- 
sent it  by  a  capital  letter,  and  the  gauge  pressure  by  a  small 
(lower-case)  letter.  Doing  so,  P  represents  absolute  pres- 
sure, and  /,  gauge  pressure.  Further,  there  is  usually  a 
"drop"  in  pressure  between  the  boiler  and  the  engine,  so 
that  the  initial  pressure,  or  pressure  at  the  beginning  of  the 
stroke,  is  less  than  the  pressure  at  the  boiler.  How  shall 
we  represent  the  initial  pressure  ?  We  may  do  this  in  one 
of  three  ways  and  still  retain  the  letter/  or  P  to  represent 
the  word  pressure:  First,  by  the  use  of  the  prime  mark; 
thus,/'  or  P  {x^aAp  prime  and  P  major  prime)  maybe  con- 
sidered to  represent  the  initial  gauge  pressure,  or  the  initial 
absolute  pressure.  Second,  by  the  use  of  sub,  figures;  thus, 
/,  or  /*,  (read  /  sub.  one  and  Pinajor  sub.  one).  Third,  by 
the  use  of  sub.  letters;  thus,  /,  or  P,  (read  /  sub.  i  and  P 
major  sub.  i).  In  the  same  manner/"  (read/  seconii),p^,  or 
fir  might  be  used  to  represent  the  gauge  pressure  at  release, 
etc.  The  sub.  letters  have  the  advantage  of  still  further 
identifying  the  quantity  represented;  in  many  instances, 
however,  it  is  not  convenient  to  use  them,  in  which  case 
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primes  and  subs,  are  used  instead.  The  prime  notation 
may  be  continued  as  follows:  />'",  >*'",  /',  etc. ;  it  is  inad- 
visable to  use  superior  figures,  for  example,  /',  /^,  p*,  ff, 
etc.,  as  they  are  liable  to  be  mistaken  for  exponents. 

The  main  thing  to  be  remembered  by  the  student  Is  that 
when  a  formula  is  given  in  which  the  same  letters  occur  seV' 
eral  times,  all  like  letters  having  the  same  primes  or  subs, 
represent  the  same  quantities,  while  those  which  differ  in  any 
respect  represent  different  quantities.     Thus,  in  the  formula 


If,  Sj-\-  a*,  ^,4-  w,  J, 


IP,,  w„  and  tc,  represent  the  weights  of  three  different 
bodies;  s„  s„  and  s„  their  specific  heats;  and  t„  t„  and  /„ 
their  temperatures ;  while  t  represents  the  iinal  temperature 
after  the  bodies  have  been  mixed  together.  It  should  be 
noted  that  those  letters  having  the  same  subs,  refer  to  the 
same  bodies.  Thus,  w,,  J„  and  /,  all  refer  to  one  of  the 
three  bodies;  w,,  s„  f„  to  another  body;  etc. 

It  is  very  easy  to  apply  the  above  formula  when  the 
values  of  the  quantities  represented  by  the  different  letters 
are  known.  All  that  is  required  is  to  substitute  the  numeri- 
cal values  of  the  letters,  and  then  perform  the  indicated 
operations.  Thus,  suppose  that  the  values  of  w,,  J„  and  /, 
are,  respectively,  2  pounds,  .0961,  and  80°;  of  w„  i„  and  /„ 
7.8  pounds,  1,  and  80°;  and  of  w,,  j„  and  t„  3^  pounds, 
.1138,  and  780*;  then,the  final  temperature  t  is,  substituting 
these  values  for  their  respective  letters  in  the  formula, 

ax.0951x80  +  'i'-8xlX80  +  3tX.n38x780  _ 

ax. 0951 +  7.8  Xl+HX  .1138 
lff.216  +  624  +  288.483  _  937.699 
.1902 +  7.8+. 3698 

In  sabstituting  the  numerical  values,  the  signs  of  multi- 
plication are,  of  course,  written  in  their  proper  places;  all 
the  multiplications  are  p>erformed  before  adding,  accord- 
ing to  the  rule  previously  given. 
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344.  The  student  should  now  be  able  to  apply  any 
formula  involving  only  algebraic  expressions  that  he  may 
meet  with,  and  which  does  not  require  the  use  of  logarithms 
for  its  solution.  We  will,  however,  call  his  attention  to 
one  or  two  other  facts  that  he  may  have  forgotten. 

Expressions  similar  to-— -sometimes  occur,  the  heavy  line 

indicating  that  160  is  to  be  divided  by  the  quotient  obtained 
by  dividing  660  by  25.  If  both  lines  were  light  it  would 
be   impossible   to   tell  whether  160  was  to  be  divided  by 

-^r^,  or  whether  -r^r-  was  to  be  divided  by  25.  If  this  latter 
Ssfi  660 

160 

result  were  desired,  the  expression  would  be  written  -j— .     la 
every  case  the  heavy  line  indicates  that  all  above  it  is  to  be 
divided  by  all  below  it. 
In  an  expression  like  the  following, j^,  the  heavy 

line  is  not  necessary,  since  it  is  impossible  to  mistake 
the  operation  that  is  required  to  be  performed.  But,  since 
_  ,  660      176  +  660    .,  ,    ,..  ^   176  +  660,     „,  660 

^+25-=  26  '  '^  ^"^  substitute^— for  7+-^, 
the  heavy  line  becomes  necessary  in  order  to  make  the 
resulting  expression  clear.     Thus, 

180  160  160 


V  + 


660      175  +  660  ' 
25  25 


Fractional  exponents  are  sometimes  used  instead  of  the 
radical  sign.  That  is,  instead  of  indicating  the  square, 
cube,  fourth  root,  etc.,  of  some  quantity,  as  37,  by  i/W, 
^,  ^37.  etc.,  these  roots  are  indicated  by  37*,  37*.  37*. 
etc.  Should  the  numerator  of  the  fractional  exponent  be 
some  quantity  other  than  1,  this  quantity,  whatever  it  may 
be,  indicates  that  the  quantity  affected  by  the  exponent  is 
to  be  raised  to  the  power  indicated  by  the  numerator;  the 
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denominator  is  always  the  index  of  th&  root.  Hence, 
instead  of  writing  j/S?*  for  the  cube  root  of  the  square  of  37, 
it  may  be  written  37*  the  denominator  being  the  index  of 
the  root;  in  other  words,  f^  =  37*  Likewise,  |^(1  +  a"  b)* 
may  also  be  written  (1  +  "^  ^)*>  a  much  simpler  expression. 

34S.  We  will  now  give  several  examples  showing  how 
to  apply  some  of  the  more  difficult  formulas  that  the  student 
may  encounter. 

1.  The  area  of  any  segment  of  a  circle  that  is  less  than 
(or  equal  to)  a  semicircle  is  expressed  by  the  formula 

in  which  A  =  area  of  segment; 

«  =3.1416; 

r  =  radius; 

£  =  angle  obtained  by  drawing  lines  from  the  cen- 
ter to  the  extremities  of  arc  of  segment ; 

c  =  chord  of  segment ; 
and  k  =  height  of  segment. 

ExAHPLB. — What  is  the  area  of  a  segment  whose  chord  is  10  iochea 
long,  angle  subtended  by  chord  is  8S.46°,  radius  is  7.S  inches,  and 
beigbt  of  segment  ia  I.BI  inches  ? 

SOLUTIOK— Applying  the  formula  just  giveo, 

ir/^g       c  .        8.1416  XT.PX  83.46      10 

■^-TaO 2*'^      '*>-  860 ^C7,6-l.m)_ 

40.968  -  27.0S  =  18.018  square  inches,  nearly.    Ans. 

3.  The  area  of  any  triangle  may  be  found  by  means  of 
the  following  formula,  in  which  A  =  the  area,  and  a,  b,  and  c 
represent  the  lengths  of  the  sides: 


W^'-y — aJ- 


■(^ 


EXAHPLB.^Wbat  Is  the  area  of  a  triangle  whose  sides  are  SI  feet, 
46  feet,  and  GO  feet  long  7 

SoLOTioK. — In  order  to  apply  the  formula,  suppose  we  let  a  repre- 
sent the  side  that  is  31  feet  long  ;  b,  the  side  that  is  60  feet  long  ;  and 
£,  tb»  aide  that  is  40  feet  long.    Then  substituting  in  the  formula. 
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=  SBf'Ml  -  8.25*  =  S5  4/441  -  «d.0e2S  =  26  ^872.8875 
=  35X10-S12=:482.8squarefeet,  nearly.  Ans. 
The  Operations  in  the  above  examples  have  been  extended 
much  farther  than  was  necessary ;  it  was  done  in  order  to 
show  the  student  every  step  o£  the  process.  The  last  for- 
mula is  perfectly  general,  and  the  same  answer  would  have 
been  obtained  had  the  50-foot  side  been  represented  by  a, 
the  46-foot  side  by  d,  and  the  21-foot  side  by  c. 

3.     The    Rankine-Gordon  formula  for  determining    the 
least  load  io  pounds  that  will  cause  a  long  column  to  break  is 
p_     SA 

in  which  /*  =  Ioad  (pressure)  in  pounds; 

S  =  ultimate  strength  (in  pounds  per  square  inch) 

of  the  material  composing  the  column ; 
A  =  area  of    cross-section   of    column    in  square 

inches ; 
f  =  a  factor  (multiplier)  whose  value  depends  upon 
the  shape  of  the  ends  of  the  column  and  on 
the  material  composing  the  column; 
/  =  length  of  column  in  inches; 
and  G  =  least  radius  of  gyration   of   cross-section  of 

column. 
The  values  of  S,  q,  and  G'  are  given  in  printed  tables  in 
books  in  which  this  formula  occurs. 

EXAMPLS.— What  is  the  least  load  that  will  break  a  hollow  wrought- 
iron  column  whose  outside  diameter  is  14  inches;  inside  diameter, 
11  inches;  length,  20  feet,  and  whose  ends  are  flat  7 

SoLUTioM.— For  steel.  5  =  150,000.  and  q  =  -^^iox9aX-*xxA.tA 
flteel  columns  ;  A,  the  area  of  the  cross-section,  =.7854 (</,*  — </■*)  = 
.78C4  (14*— 11*),  d\  and  d%  being  the  outside  and  inside  diameterg, 
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reapectivel J ;  /=90xl2  =  240  Inches;  and  G^  = 
Substituttng  these  values  in  the  formula, 

_  SA  150.000  X  .78M(U'  -  IV) 

1  +  f^         1  + 


d,*  +  rf.'  _  14*  + 11* 


240* 


1P0,000  X  58.808  _  8.885,750 
l  +  .lldS       ~    1.1163 


15,000  '^  1*'  +  11' 


:  7,916,ail  pounds.    Ans. 


4     Example.— When  .^  =  10.  S  =  8,  C=5.  and  D=*,  what   i 
the  value  of  £  in  the  f  oUowine  : 


Solution.— (o)  Substituting, 


/ffxTxT 


To  dfflpUfy  the  denominator,  square  the  4  and  S,  add  the  resulting 
fraction  to  3,  and  multiply  by  10.     Simplifying,  we  have 

«■_      /       160      "_     /    166     _     /i«5_     /^ 

Reducing  the  fraction  to  a  decimal  before  extracting  the  cube  root. 

E=  f«.0«0«  =  1.823.    Ans. 
tf)  Substituting, 

10-jx4+l><»!      1«-B^i><«* 


10 -vT 


345|. — In  the  preceding  pages,  the  unknown  quantity 
has  always  been  represented  by  the  single  letter  at  the  left 
of  the  sign  o£  equality,  while  the  letters  at  the  right  have 
represented  known  values  from  which  the  required  values 
could  be  found.  It  is  possible,  however,  to  find  the  value  of 
the  quantity  represented  by  any  letter  in  a  formula,  if  the 
values  represented  by  all  the  others  are  known.   For  example, 
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let  it  be  required  to  find  how  many  strokes  per  minute  an  en- 
gine having  a  piston  area  of  78. 64  sq.  in.  must  make  in  order 
to  develop  60  horsepower,  if  the  mean  effective  pressure  is 
40  lb.  per  sq.  in.,  and  the  length  of  stroke  1^  ft.  By  substi- 
_PLAN  . 

„^_4QxUx78.54xA' 
^  ~  3S,000 

in  which  N,  the  number  of  strokes,  is  to  be  found. 

But  it  is  evident  that  the  expression  on  the  right  of  the 


33,000 

whose  numerator  is  composed  of  3  factors.  Reducing  the 
numerator  to  a  single  number  by  performing  the  indicated 
multiplications,  we  obtain,  after  canceling. 

If  60  equals  .119  iV,  then  A'' equals  60  divided  by  .119;  hence, 

A''=  -T—j-  =  S04.2  strokes  per  minute. 

The  method  of  procedure  is  essentially  the  same  when  the 
unknown  quantity  occurs  in  the  denominator  of  a  formula. 


and  »  =  60.     Then,  substituting, 
„„_  1.26X60'. 


But  if  376  equals  4,600  divided  by  r,  then  375  X  r  =  4,500; 

4,500 
376  ■ 


hence,  r  must  equal  4,500  divided  by  375,  or  r  =    '        =  \% 


EXAMPLES  FOR  PRACTICE. 

Find  the  numerical  values  of  x  in  the  following  formulas,  when 
^=9,  f  =  8,  </=10,  ^  =  8,  andf=3;     - 

.       ,_  '^  +  ^  A-.     __  . 
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x  =  V^+VX5>. 


VTO?  """W 

Am  x  =  8. 

Aos.  x  =  \%^ 
Am.  ^=.8B8+. 

MENSURATION. 

346.     Mensuration  treats  of  the  measurement  of  lines, 
ang'les,  surfaces,  and  solids. 


LINES    AND    ANGLES. 

347.  A  straight  line  is  one  that  does  not  change  its 
direction  throughout  its  whole  length.     To  distinguish  one 
straight  line  from  another,  its  two  ex- 
treme points  are  designated  by  letters.    A B 

The  line  shown  in  Fig.  1  would  be  called  Pio.  l 

the  line  A  B. 

348.  A  curved  line  changes  its 
direction  at  every  point.     Curved  lines 
are  designated  by  three  or  more  letters,  ■^ 
as  the  curved  line  ABC,  Fig.  2. 

349.  Parallel  lines  (Pig.  3)  are 
those  which  are  equally  distant  from 
each  other  at  all  points. 

350.  A  line  is  perpendicular  to 
another  (see  Fig.  4)  when  it  meets 
that  line  so  as  not  to  incline  towards  it 
on  either  side. 

35 1  >  A  vertical  line  is  one  that 
points  towards  the  center  of  the  earth, 
and  is  also  known  as  ^plumb  line. 

352.  A  horizontal  fine  (see  Fig. 
0)  is  one  that  makes  a  right  angle  with 
any  vertical  line. 
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353.  An  angle  is  the  opening  between  two  lines  which 
intersect  or  meet;  the  point  of  meeting  is  called  the  vertex 

of  the  angle.  Angles  are  distinguished 
by  naming  the  vertex  and  a  point  on  each 
="■*  line.  Thus,  in  Fig,  6,  the  angle  formed 
by  the  lines  A  B  and  C  B  \%  called  the 
angle  A  BC,  or  the  angle  C B  A;  the 
letter  at  the  vertex  is  always  placed  in  the  middle.  When 
an  angle  stands  alone  so  that  it  can  not  be  mistaken  for  any 
other  angle,  only  the  vertex  letter  need  be  used.  Thus,  the 
angle  referred  to  might  be  designated  simply  as  the  Angle  B. 

354.  If   one   straight   line  meets       _^ 
another  straight  line  at  a  point  between  >, 
its  ends,  as  in  Fig.  7,  two  angles,  ABC  ^\ 

and  AB  D,  are  formed,  which  are  called    " 3 " 

adjacent  angles.  fio.  t. 


355.    When  these  adjacent  angles, 
AB  Cand  A  B  D,  are  equal,  as  in  Fig. 
,  8,  they  are  called  rlgbt  angles. 


356.  An  acute  angle  is  less  than 
a  right  angle.  ABC,  Fig.  9,  is  an  acute 
angle. 


357.    An  obtuse  angle  is  greater 
than  a  right  angle.     A  B  D  (Fig.  10) 
_j,  is  an  obtuse  angle. 


358.  A  circle  (see  Fig.  II)  is  a  figure 
bounded  by  a  curved  line,  called  the  circum- 
ference, every  point  of  which  is  equally  dis- 
tant from  a  point  within,  called  the  center. 
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360>  An  are  of  a  circle  is  any  part  of 
its  circumference;  thus  a  e  b.  Fig.  \%,  is  an 
arc  of  the  circle. 

The  circumference  of  every  circle  is  con- 
sidered to  be  divided  into  360  equal  parts,  or 
arcs,  called  desrees;  every  degree  is  sub- 
divided into  60  equal  parts,  called  minutes, 
and  every  minute  is  again  divided  into  60  equal  parts,  called 
■econda. 

Since  1  degree  is  -^^  of  any  circumference,  it  follows  that 

the  length  of  a  degree  will  be  different  in  circles  of  different 
sizes,  but  the  proportion  of  the  length  of  an  arc  of  one 
degree  to  the  whole  circumference  will  always  be  the  same, 

viz. ,  "5^  of  the  circumference. 

Degrees,  minutes,  and  seconds  are  denoted  by  the  symbols 
",  ',  '.     Thus,  rtie  expression  37°  14'  44'  is  read  37  degrees, 
14  minutes,  and  44  seconds. 
360*    The  arcs  of  circles  are  used  to  measure  angles. 
An  angle  having  its  vertex  at  the  cen- 
ter of  a  circle  is  measured  by  the  arc 
included   between    its    sides;  thus,    in 
f  Fig.  13,  the  arc  F  B  measures  the  angle 
FOB.     If  the  arc  F  B  contains  SO", 

or  Sft^  of  the  circumference,  the  angle 

FOB  would  be  an  angle  of  30°;  if  it 
Fro. »  contained  30°  14'  18',  it  would  be  an 

angle  of  20"  14'  18',  etc. 

In  the  figure,  if  the  line  C  i?  be  drawn  perpendicular  to 
A  B,  the  adjacent  angles  will  be  equal,  and  the  circle  will 
be  divided  into  four  equal  angles,  each  of  which  will  be  a 

right  angle.     A  right  angle,  therefore,  is  an  angle  of  — j— , 

or  90° ;  two  right  angles  are  measured  by  180°,  or  half  the 
circumference,  and  four  right  angles  by  the  whole  circum* 
ference,  or  860°,     One-half  of  a  right  angle,  as  E  O  B,  {saa 
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angle  of  45*.  An  acute  angle  may  noT  be  defined  as  an 
angle  oC  less  than  90°,  and  an  obtuse  angle  as  one  of  more 
than  90°.  These  values  are  important,  and  should  be 
remembered. 


:^: 


361.     From  the  foregoing  it  will  beevidentthat  ifanum- 

ber  of  straight  lines  on  the  same  side 

of  a  given  straight  line  meet  at  the 

same  point,  the  sum  of  all  the  angles 

formed  is  equal  to  two  right  angles,  or 

Thus,  in  Fig.  14,  angles  COB 

Fwii  +/>C  C+£  O  D  +  FO£  +  A  OP 

=  2  right  angles,  or  180°. 

302>  Also,  if  through  a  given  point 
any  number  of  straight  lines  be  drawn, 
the  sum  of  all  the  angles  formed  about 
the  points  of  intersection  equals  four  ^_ 
right  angles,  or  360°.  Thus,  in  Fig.  15, 
&nz\es/fOF+FOC+  COA+AOG 
+  GOE  +  EO  D+J>0  B  +  BOff 
=  four  right  angles,  or  860°.  vio.  is. 

Example. — In  a  fly-wheel,  vithl2anns,  how  many  degrees  arc  there 
In  the  angle  included  between  the  center  lines  of  any  two  arms,  the 
anns  being  spaced  equally  ? 

Solution.— .Since  there  are  13  anns,  there  are  13  angles,  which 
toirether  equal  800*.    Hence,  one  angle  equals  -f,  of  860°,  or  — ^z=  80*. 

BXAMPLBS    FOR    PKACTICB. 

1.    How  many  seconds  In  S2°  14'  6'  ?  An&  110,046  sec 

8.  How  many  degrees,  minutes,  and  seconds  do  88,583  seconds 
■mount  to  ?  Ans.  10°  48'  3*. 

8.    How  many  right  angles  are  there  in  an  angle  of  170°  t 

Ans.  Ig  right  angles. 

4  In  a  pulley  with  five  arms,  what  part  of  a  right  angle  is  included 
between  the  center  lines  of  any  two  arms  ?        Ans.  }  of  a  right  angl& 

6.  If  one  straight  line  meets  another  so  as  to  form  an  angle  of  SO* 
10',  what  docs  its  adjacent  angle  equal  7  Ans.  169°  SO". 

6.  If  a  number  of  straight  lines  meet  a  given  straight  line  at  a 
given  point,  al!  being  on  the  same  side  of  the  given  line,  so  aa  to  fonn 
six  equal  angles,  how  many  degrees  are  there  in  each  angle?      Anik  80*. 
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OUADRILATBRAXS. 
363*    A  plane  flsuiv  is  any  part  of  a  plane  or  flat 
surface  bounded  by  straight  or  curved  lines. 

364.  A  quadrilateral  is  a  plane  figure  bounded  by 
four  straight  lines. 

365.  A  parallelo|[rain  is  a  quadrilateral  whose  op- 
posite sides  are  parallel. 

There  are  four  kinds  of  parallelograms:  the  square,  the 
Kvctansle,  the  rhombus,  and  the  rhomboid. 


366.    ArectaiiKle(Pig.  16)  is  a  parallelo- 
gram whose  angles  are  all  right  angles. 


367.     A  square  (Pig.  17)  is  a  rectangle 
whose  sides  are  all  of  the  same  length. 


PtO.  IT. 

368.    A  rhomboid  (Pig.  18)  ts 
a     parallelogram    whose     opposite 
sides  are   equal  and   parallel,  and  , 
irhose  angles  are  not  right  angles. 


369.  A  rhombus  (Pig.  19) 
is  a  parallelogram  having  equal 
sides,  and  whose  angles  are  not 
right  angles. 


370.     A  trapezoid  {Pig.  20)  is  y 

Sk  quadrilateral  which  has  only  two    y^ 
oi  its  sides  parallel. 

371*    The  altitude  of  a  parallelogram 


:\ 


Pio.  in. 
or  a  trapezoid  is 
the  perpendicular  distance  between  the  parallel  lines,  as 
shown  by  the  dotted  lines  in  Pigs.  18,  19,  and  20. 

372.     The  base  of  any  plane  figure  is  the  side  on  which 
it  is  supposed  to  stand. 
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373>  The  area  of  a  surface  is  expressed  by  the  number 
of  unit  squares  it  will  contain. 

374.  A  unit  square  is  the  square  having  a  unit  for 
its  side.  For  example,  if  the  unit  is  I  inch,  the  unit  square 
is  the  square  each  of  whose  sides  measures  1  inch  in  length, 
and  the  area  of  a  surface  would  be  expressed  by  the  number 
of  square  inches  it  would  contain.  If  the  unit  were  1  foot, 
the  unit  square  would  measure  1  foot  on  each  side,  and  the 
area  of  the  given  surface  would  be  the  number  of  square 
feet  it  would  contain,  etc. 

The  square  that  measures  one  inch  on  a  side  is  called  a 
square  Inch*  and  the  one  that  measures  one  foot  on  a  side 
is  called  a  square  foot.  Square  inch  and  square  foot  are 
abbreviated  to  sq.  in.  and  sq.  ft. 

375>     To  find  the  area  of  any  parallelogram: 

Rule  44. — Multiply  the  base  by  the  altitude. 

NoTB. — Before  multiplying,  the  base  and  altitude  must  be  reduced 
to  the  same  kind  of  units;  that  is,  if  the  base  should  be  given  iti  feet 
and  the  altitude  in  inches,  they  could  not  be  multiplied  together  until 
either  the  altitude  had  been  reduced  to  feet,  or  the  base  to  inches. 
This  principle  holds  throughout  the  subject  of  mensuration. 

ExANFLB. — The  sides  of  a  square  piece  of  sheet  iron  are  each  lOJ 
inches  long.     How  many  square  inches  does  it  contain  ? 

Solution. — 10^  inches  =  10.25  inches  when  reduced  to  a  decimal. 
The  base  and  altitude  are  each  10.35  inches.  Uultiplying  them 
together.  10.25  X  10.25  =  105.0«+  sq.  in.     Ans. 

ExAMPLB — What  is  the  area  in  square  rods  of  a  piece  of  land  in  the 
shape  of  a  rhomboid,  one  side  of  which  is  B  rods  long,  and  whose 
length,  measured  on  a  line  perpendicular  to  this  side,  is  200  feet? 

Solution.— The  base  is  8  rods  and  the  altitude  200  feet  As  the 
answer  is  to  be  in  rods,  the  200  feet  should  be  reduced  to  rods.  Redu- 
cing 200  -(-  let  =  200  -t-  ^  =  12.  IS  rods.  Hence,  area  =  8  X  12,13  =  K.  06 
sq.  rd.     Ads. 

37 6>    To  find  the  area  of  a  trapezoid: 

Rule  46. — Multiply  one-half  tke  sum  of  the  parallel  sides 
by  the  altitude. 

Example.  —A  board  14  feet  long  is  20  inches  wide  at  one  end  and  16 
inches  wide  at  the  other.  If  the  ends  are  parallel,  how^many  square 
feet  does  the  board 
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SoLUTiOK,— One-half  the  sum  of  the  parallel  sides  =  — 5 —  =  18 
Inches  =  If  feet.  The  length  of  the  board  corresponds  to  the  altitude 
of  a  trapezoid.     Hence,  U  X  If  =  SI  sq.  ft.    Ans. 

377.  Having  given  the  area  of  a  parallelogram  and  one 
dimension,  to  find  the  other  dimension : 

Rule  46. — Divide  ike  area  by  the  given  dimension. 

Example. — What  is  the  width  of  n  parallelogram  whose  area  is  213 
square  feet  and  whose  length  is  20i  feet  ? 

Solution.— 213  ^-  28^  =  212  +  ^  =  8  feet.    Ana. 

The  following  examples  illustrate  a  few  special  cases: 

ExAHPLR. — An  engine  room  fs  22  feet  by  83  feet.  The  engine-bed 
occupies  a  space  of  8  feet  by  13  feet;  the  fly-wheel  pit,  a  space  of  2  feet 
by  S  feet,  and  the  outer  bearing,  a  space  of  2  feet  by  4  feet.  How 
many  square  feet  of  flooring  will  be  required  for  the  room? 

Solution. — Area  of  engine-bed       =  8  x  13  =  86  sq.  ft. 

Area  of  fly-wheel  pit    =  3  x   «  =  12  sq,  ft 

Area  of  outer  bearing  =  3  X   4  =   8  sq.  ft 

Total,     M  sq.  ft 

Area  of  engine  room  =  23  X  83  =  704  sq.  ft. 

7M  —  66  =  648  square  feet  of  flooring  required.     Ans. 

BXAHPLE. — How  many  square  yards  of  plaster  will  it  take  to  cover 
the  sides  and  ceiling  of  a  room  16  X  20  feet  and  11  feet  high,  having 
four  windows,  each  7x4  feet,  and  three  doors,  each  0X4  feet  over  all, 
the  baseboard  coining  6  inches  above  the  floor  7 

SOLUTIOM.— 

Area  of  ceiling      =     16  X  24  =     820  sq.  ft 

Area  of  end  walls  =  2(16  X  H)  =     853  aq.  ft 

Area  of  side  walla  =  3(20  x  11)  =     440  sq.  ft 

Total  area  =  1,113  sq.  ft 

Prom  the  above  must  be  deducted: 

Windows  =  4(7  X  4)  =  113  sq.  ft 

Doors        =  8(9  X  4)  =  103  sq.  ft 

Baseboard  less  the  width  of  three  doors  =  (72  — 12)  x  js-  =  80  aq.  U. 

Total  number  of  feet  to  be  deducted  =  112  -|-  108  +  SO  =  250  sq.  ft. 

Hence,  number   of  square  feet  to  be  plastered  =  1,112  —  2S0  = 

863  sq.  ft,  or  9e{  sq.  yd.    Ans. 

Example. — How  many  acres  are  contained  tn  a  rectangular  tract  of 
land  800  rods  long  and  530  rods  wide  ? 

SoLHTiOM.— 800X530  =  416,000  aq.  rd.  Since  there  are  160  square 
rodsin  oaeacre,  thenumber  of  acres  =  410,000  -1- 160  =  2,800  acres.    Ans. 
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EXAMPLES  FOn  PItACTICB. 

1,  What  Is  the  area  in  square  feet  of  a  rhombus  whose  base  is  84 
Inches,  and  whose  altitude  is  8  feet  7  Ans.  31  eq.  ft. 

S.  A  flat  roof,  46  feet  by  60  feet  In  size,  is  covered  by  tin  roofing 
weighing  one-half  pound  per  square  foot ;  what  is  the  total  weight  of 
the  roof  7  Ans.  1.8101b. 

a  One  side  of  a  room  measures  16  ft.  If  the  floor  contains  34Q 
square  feet,  what  is  the  length  of  the  other  side  !  Ans.  15  ft. 

<.  How  many  square  feel  in  a  board  13  feet  long,  18  inches  wide  at 
one  end,  and  13  inches  wide  at  the  other  end  1  Ans.  15  sq,  ft. 

5.  How  much  would  it  cost  to  lay  a  sidewalk  a  mile  long  and  8  feet 
6  inches  wide,  at  the  rate  of  W  cents  per  square  foot?  How  much  at 
the  rate  of  $1.80  per  square  yard  ?  Ans.  $8,976  in  each  case. 

6.  How  many  square  yards  of  plastering  will  be  required  for  the 
ceiling  and  walls  of  a  room  10  X  15  feet  and  9  feet  high ;  the  room  con- 
tains one  door  81  X  7  feet,  three  windows  8^  X  6  feet,  and  a  baseboard 
8  inches  high  ?  Ans.  68.6  sq.  yd, 

THE   TRIANGLE. 
378.  '  A  trlaasle  is  a  plane  figure  having  three  sides. 

379.  An  Isosceles  triangle  ii 
one  having  two  of  its  sides  equal; 
see  Fig.  21. 

380.  An  equilateral  triangle 
!i  (Fig.  22)  is  one   having  all  of   its  /. 

sides  of  the  same  length.  fo  m- 

381.     A  scalene  triangle  (Fig.  23)  is 
one  having  no  two  of  its  sides  equal. 

382.     A  rlKtat-ansled  triangle  (Fig. 

24)  is  any  triangle  having  one  right  angle. 

The  side  opposite  the  right  angle  is  called 

the  hypotenuse.  fio.  u. 

In  any  triangle  the  sum  of  the  three  angles  equals  two 

right  angles,  or  180°.     Thus,  in  Fig. 

25,  the  sum  of  the  angles  A,  B,  and 

C  equals  two  right  angles,  or  180°. 

Hence,  if  any  two  angles  of   a  tri- 

^O  angle  are  given  and  it  is  required  to 

find  the  third  angle: 
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Rule  47. — Add  together  tlie  two  givtn  angles,  and  subtract 
their  sum  from  180°;  the  result  will  be  the  third  angle. 

Example— If  two  angles  of  a  triangle  =  48°  IB'  and  47°  50'  respec- 
tively, what  does  the  third  angle  equal  ? 

Solution— First  reduce  48"  18'  and  47°  50'  to  minutes,  for  conve- 
nience in  adding  and  subtracting  the  angles.  48°  =  48  X  60  =  2,880' ; 
2,880'  +  16'  ^  2,896' ;  hence.  48*  16'  =  2,896'.  In  lilce  manner.  47°  60'  = 
47  X  60'  =  2.820"  +  50'  =  2,870'.  Adding  the  two  angles  together,  and 
sabiracting  from  180°  reduced  to  minutes,  2.806' +  2,870"  =  S.766'; 
180''  =  180x60=10.800';  10,800-5,766  =  6,084'.  Redacing  this  last 
number  to  degrees  and  minutes,  '^  =  88|t°  =  88°  54',  Hence,  the 
third  angle  in  the  triangle  =  88°  M'.     Ans. 

383.  In  any  right-angled  triangle  there  can  be  but  one 
right  angle,  and  since  the  sum  of  all 
the  angles  is  two  right  angles,  it  is 
evident  that  the  sum  of  the  two  acute 
angles  must  equal  one  right  angle,  or 
90".  Therefore,  if  in  any  right-angled 
triangle  one  acute  angle  is  known,  to  j*^ 
find  the  other  scute  angle:  Fio.as. 

Rule  48. — Subtract  t!u  known  acute  angle  from  90";  the 
result  will  be  the  other  acute  angle. 

Example. — If  one  acute  angle,  as  A,  of  the  right-angled  triangle 
ABC,  Pig.  86,  equals  80*,  what  does  the  angle  B  equal  ? 
Solution.— W*  —80*  =  60*.    Ans. 

384.  If  a  straight  line  be  drawn 
through  two  sides  of  a  triangle,  parallel 
to  the  third  side,  a  second  triangle 
will  be  formed  whose  sides  will  be  pro- 
portional to  the  corresponding  sides  of 
the  first  triangle.  Thus,  in  the  triangle 
ABC,  Fig.  27,  if  the  line  />  £  be  drawn 
parallel  to  the  side  B  C,  the  triangle 
Flo. ».  A  D  E  will  be  formed  and  we  shall  have 

(1)  Side  A  D  :  side  DE  =  side  A  B  :  side  B  C;  and, 

(2)  Side  A  E  :  side  DE=:  side  A  C  :  side  B  C;  also, 
(8)     Side  A£>:sideA£=  side  A  B  :  side  A  C. 

H.  M.    I.— 10 


.dbyGoogle 


1S8  MENSURATION. 

Example.— In  Pig.  21,  If  A  B  =  H,  B  C  ==  18.  and  I>  £  =  9.  wh»t 
docs  A  D  equal  ? 

Solution.— Writing  these  valaes  for  the  sides  in  (1), 

.^Z7:8=S4:18;  whence^i7  =  ^^^=10l.    An& 

r  385.    In  any  right-angled 

triangle,  the  square  described 
on  the  hypotenuse  is  equal 
to  the  sum  of  the  squares 
described  upon  the  other  two 
sides.  liABC,  Fig.  28,  is 
a  right-angled  triangle,  right- 
angled  at  B,  then  the  square 
described  upon  the  hypote- 
nuse^ C  is  equal  to  the  sum 
of  the  squares  described  upon 
the  sides  A  B  and  B  C. 
"<>•»•  Hence,    having    given     the 

two  sides  forming  the  right  angle  in  a  right-angled  triangle, 

to  find  the  hypotenuse: 

Role  49. — Square  each  of  the  sides  forming  the  right 

angle;  add  the  squares  together,  and  take  the  square  root  of 

the  sum. 

Example.— If  A  ^  =  8inchesand  £C=  4  Inches,  what  is  the  length 
of  the  hypotenuse  A  CI 

Solution.— Squaring  each  of  the  given  sides.  3*  =  8  and  4*  =  16. 
Talcing  the  square  root  of  the  sum  of  9  and  16,  the  hypotenuse  = 
V9-H  10  =  |/a5  =  5  inches.    Ans. 

If  the  hypotenuse  and  one  side  are  given,  the  other  side 
can  be  found  as  follows: 

Rule  50. — Subtract  the  square  of  the  given  side  from  the 
square  of  the  hypotenuse,  and  extract  the  square  root  of  the 
remainder. 

Examplb.— The  side  given  is  3  inches,  the  hypotenuse  is  6  inches; 
what  is  the  length  of  the  other  side  ? 

Solution.— 8"  =  9;  6'  =  86.     85-»  =  l«.  and  the  ^16  =  4  inches. 

Ans. 
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EXAHPLS. — If  from  a  church  steeple  which  is  ISO  feet  high,  a  rop« 
b  to  be  attached  to  the  top,  and  to  a  stake  in  the  ground,  which  is  86 
feet  from  the  center  of  the  base  (the  ground  being 
supposed  to  be  levelX  what  must  be  the  length  of 
the  rope  ? 

SOLUTIOM.— In  Fig.  2i,  A  B  repreaenta  the 
steeple,  190  feet  high;  C  a  stake  85  feet  from  the 
foot  of  the  steeple,  and  A  C  the  rope.  Here  we 
have  a  right-angled  triangle,  right-angled  at  B,  and 
v4  C is  the  hypotenuse.  The  square  o(  AB=  U!0»= 
23,500:  of  C  f ,  85*  =  7,225.  Sa.OOO  +  7,33S  =  39,735; 
VSiTraJ  =  17a4  feet,  nearly.    Ans. 

386.   The  altitude 

of  any  triangle  is  alme, 

as  B  D,  drawn  from  the 

vertex  B  of  the  angle 

opposite  the  base  A  C,   . 

■0  perpendicular    to     the 

Fio.80.  base,  as  in  Fig.   30,  or  ™  "■ 

to  the  base  extended,  as  in  Fig.  31. 

If    in   any    parallelogram    a    straight    line,    called    the 

dlaffoaali  be  drawn,   connecting  two 

opposite    corners    it    will    divide    the 

parallelc^ram  into  two  equal  triangles, 

a&  A  D  B  3.T1A.  D  B  C  va  Fig.  33.     The 

10.  «L  area  of  each  triangle  will  equal  one-half 

the  area  of  the  parallelogram,  or  one-half  the  product  of  the 

base  and  the  altitude.    Hence,,  to  find  the  area  of  any  triangle : 

Rule  5t. — Multiply  the  base  by  the  altitude,  and  divide 

the  product  by  £. 

a  triangle  whose  base 


81., 


,  81 


X~  =  189*.  and 


Solution. — 7  feet  9  inches  =  7J  feet  =  -j-  feet 
one-half  of  IdSH  =  69}  square  feet    Ans. 

To  find  the  altitude  or  base  of  a  triangle,  having  given 
the  area  and  the  base  or  altitude: 

Rule  sa. — Multiply  the  area  by  2,  and  divide  by  the  given 
dimension. 
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ExAUPLB.— What  must  be  the  height  of  a  trian|rukr  piece  of  sheet 
metal  to  contain  100  square  inches,  If  the  base  is  10  inches  long  ? 
Solution.— 100x3  =  200;  200 -i- 10  =  SO  inches.    Ans. 


EXAMPLES  FOB  PRACTtCB. 

1.  What  is  the  area  of  a  triangle  whose  base  is  18  feet  long,  and 
whose  aliitude  is  lOfeetO  inches?  Ana.  94.Ssq.  ft. 

2.  Two  angles  of  a  scalene  triangle  together  equal  100°  4'.  What  is 
the  size  of  the  third  angle  ?  Ans.   79'  66'. 

8.  One  angle  of  a  right-angled  triangle  equals  30°  10'  0'.  What  Is 
the  size  of  the  other  acute  angle  ?  Ans.   69"  49'  05'. 

4.  A  ladder  65  feet  long  reaches  to  the  top  of  a  wall  when  its  foot 
is  as  feet  from  the  wall.     How  high  is  the  wall  ?  Ans.  60  ft. 

0.  Draw  a  triangle,  and  through  two  of  its  sides  draw  a  line  paral- 
lel to  the  base.  Letter  the  different  lines,  and  then,  without  referring 
to  the  text,  write  out  the  propiortions  existing  between  the  sides  of  the 
two  triangles. 

6.  A  triangular  piece  of  sheet  metal  weighs  34  pounds.  If  the  base 
of  the  triangle  is  4  feet  and  its  height  6  feet,  how  much  does  the  metal 
weigh  per  square  foot  ?  Ans,  2  lb. 

7.  The  area  of  a  triangle  is  16  square  inches.  If  the  altitude  is  4 
inches,  what  does  the  base  measure  ?  Ans.  8  in. 

8.  Two  sides  of  a  right-angled  triangle  are  92  feet  and  69  feet  long. 
How  long  is  the  hypotenuse  ?      Ans.  115  ft. 

POLYGONS. 
367.  A  polysoo  is  a  plane  figure  bounded  by  straight 
lines.  The  term  is  usually  applied  to  a  figure  having  more 
than  four  sides.  The  bounding  lines  are  called  the  sides, 
and  the  sum  of  the  lengths  of  all  the  sides  is  called  the 
perimeter  of  the  polygon. 

388.  A  reiEular  polyiron  is  one  in  which  all  of  the 
sides  and  all  of  the  angles  are  equal. 

389.  A  polygon  of  five  sides  is  called  a  pentasont 
one  with  six  sides  a  taexatcon;  one  of  seven  sides  a  hep- 

oooooo 


tagon,  etc.     Regular  polygons  having  from  five  to  twelve 
sides  are  shown  in  Fig.  33.     In  any  polygon,  the  sum  of  all 
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the  interior  angles,  as  A  -{- £ -{-  C+  D  +  £,  Fig,  84,  equal; 
180°  multiplied  by  a  number  which  is  two 
less  than  the  number  of  sides  in  the  poly- 
gon. Hence,  to  find  the  size  of  any  one  of 
the  interior  angles  of  a  regular  polygon: 
Rule  B3.— Multiply  180°  by  the  num- 
ber of  sides  less  two,  and  divide  the  result 
by  the  number  of  sides;  the  quotient 
will  be  the  number  of  degrees  in  each  interior  angle. 

EXAMPLB. — If  Pig.  S4  is  a  regular  pentagon,  how  many  degrees  are 
there  ia  each  interior  angle  7 

Solution. — In  a  pentagon  there  are  five  sides ;  hence,  5  —  3  =  8  and 
180  X  8  =  640;  MO -»-  5  =  108°  in  each  angle.     Ans. 

g  ExAUPLE. — ll:  is  desired  to  make  a  miter-box 

in  which  to  cut  a  strip  of  molding  to  fit  around 
a  column  liaving  the  shape  oi  a  regular  hexa- 
gon. At  what  angle  should  the  saw  run  across 
themiter-boi? 

Solution.— In  Fig.  35,  let  A  B,  BC,  CD, 
etc.,  represent  the  pieces  of  molding  as  they 
will  tit  around  the  column.    First  find  the  size 
of  one  of  the  equal  angles  of  the  polygon  by 
p,Q  gg  the  above  rule.    Number  of  sides  =  6 ;  6  —  2  = 

4 ;  hence,  180  X  4  =  730.  and  730  +  6  =  120°  in 
each  angle.  Now.  let  jtfiV  represent  the  miter-box,  and  0  5  the  direc- 
tion in  which  the  saw  should  run;  then,  A  BO  is  the  angle  made  by 
the  saw  with  the  side  of  the  miter-box ;  but,  as  the  polygon  is  a  regular 
one,  this  angle  is  one-half  the  interior  angle  ABC,  which  we  have 
found  to  be  130°.  Hence,  the  saw  should  n 
with  the  side  of  the  miter-box. 

3dO.  The  area  of  any  regular  polygon 
may  be  found  by  drawing  lines  from  the 
center  to  each  angle,  and  computing  the 
area  of  each  triangle  thus  formed.  Hence, 
to  find  the  area  of  any  regular  polygon : 

Ral«  64- — Multiply  the  length  of  a  side 
by  half  the  distance  from  the  side  to  the  fio.  tn. 

center,  and  that  product  by  the  number  of  sides.     The  last 
product  will  be  the  area  of  the  figure. 


n  angle  of  ~ 
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GxAMPLR.— In  Pig.  SC  the  side  SC  of  the  regular  hexagon  is  li 
inches  and  the  distance  A  O  ia  10.4  inches;  required,  the  area  of  the 
polygon. 

Solution.— ia4  +  9  =  9.9;  13  X  0.9  X  0  =  374.4  sq.  in.    Ana. 


^ 


391.  To  obtain  the  area  of 
any  irregular  polygon,  draw  diag- 
onals dividing  the  polygon  into 
triangles  and  quadrilaterals,  and 
compute  the  areas  of  these  sepa- 
rately; their  sum  will  be  the 
area  of  the  figure. 


Pia.i; 


ExAHPLB.— It  is  required  to  find  the  area  of  the  polygon  ^  i?  C /7  .£/*, 
Fig.  87. 

Solution.— Draw  the  diagonals  BF  and  CF  and  the  line  FG 
perpendicular  ta  DE,  dividing  the  figure  into  the  triangles  A  B  F, 
BCF,  and  ^(7  £  and  the  rectangle  J^Ciia  Let  it  be  supposed  that 
the  altitudes  of  the  figures  and  the  lengths  of  the  aides  A  B,  DG,  and 
GE  are  as  indicated  in  the  polygon  above.    Then, 

tiXKAABF    =-^iy^  =  5«  sq.  In. 

hx^BCF    =  "^"   =85  Bq.in. 

A.n&FCDG=  14x10  =140sq.in. 

AkaFGE     =i2Ll5_  =  45  sq.in. 

Tot«larea  =  <Ht  +  S5  +  ]40-i-4a  =  97«sq.in.    Ans. 


BZAMPLBB  FOR  PBACTICE. 

1.  How  many  degrees  are  there  in  one  of  the  angles  of  a  regular 
octagon?  Ans.  1SG°. 

9.  Find  the  area  of  the  polygon  ABCDEF  {see  Fig.  87),  sup- 
posing each  of  the  given  dimensions  to  be  increased  to  1}  times  the 
length  given  in  the  ligure.  Ans.  831  sq.  in. 

8.  What  is  the  area  of  a  regular  heptagon,  whose  sides  are  4  inches 
long,  the  distance  from  one  side  to  the  center  being  4.1S  inches  ? 

Ans.  68.1  sq.  in, 

4.  At  what  angle  should  the  saw  run  in  a  miter-boz  to  cut  strips  to 
fit  around  the  edge  of  a  table  top,  made  In  the  shape  of  a  regular 
pentagon?  Ans.  H*. 
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THE    CIRCLE. 
392.     A     circle    (Fig.    38)   is  a   Bgare 
bounded  by  a  curved  line,  called  the  circum- 
ference, every  point  of  which  is  equally  dis- 
tarit  from  a  point  within,  called  the  center. 


Fto.  m 


393.  The  diameter  of  a  circle  is  a 
straight  line  passing  through  the  center 
and  terminated  at  both  ends  by  the  cir- 
cumference; thus,  A  B  (Fig.  39)  is  a  diam- 
eter of  the  circle. 


394.  The  radius  of  a  circle,  A  O  (Fig. 
40),  is  a  straight  line  drawn  from  the  center 
O  to  the  circumference.  It  is  equal  in 
length  to  one-half  the  diame- 
ter. The  plural  of  radius  is 
radii,  and  all  radii  of  a  circle 
:  equal. 


395.     An  arc  of  a  circle  (see  a  e  b.  Fig. 
41)  is  any  part  of  its  circumference. 


396.  A  cbord  is  a  straight  line  joining 
any  two  points  in  a  circumference;  or  it  is  a 
straight  line  joining  the  extremities  of  an  arc ; 
thus,  the  straight  line  a  b.  Fig.  43,  is  a  chord 
of   the  circle  whose  corresponding  arc  is 


397.     An   inscribed   ancle   is   one 

whose  vertex  lies  on  the  circumference  of 
a  circle,  and  whose  sides  are  chords.  It 
is  measured  by  one-half  the  intercepted 
arc.  Thus,  in  Fig.  iZ,  A  B  C  is  an  in- 
*'  scribed  angle,  and  it  is  measured  by  one- 
half  the  arc  ADC. 
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EXAMPLS.— If  in  Fig.  43,  the  arc  ^  Z>C=|  of  the  circumference, 
what  is  the  me^urement  of  the  inscribed  angle  ABC. 

Solution. — Since  the  angle  ia  an  inscribed  angle,  it  is  measured  by 
one-halt  the  intercepted  arc.  or  |  x  i  =  1  of  the  circumference.  The 
whole  circiiniference  =  860'';  hence,  8aO°Xi  =  M°;  therefore,  angle 
^JCisanangleof  72°. 

39S.     If  a  circle  is  divided  into  halves,  each  half  is  called 
a  semicircle,   and  each  half   circumference   is  called    a 
seinl-circuiiif<Br«nce. 

Any  angle  inscribed  in  a  semicircle  is 
a  right  angle,  since  it  is  measured  by 
'   one-half  a  semi-circumference,    or  180° 
-i-  2  =  90°.     Thus,    the  angles  ADC 
and  ABC,  Fig.  44,  are  right  angles, 
pioTm.  since  they  are  inscribed  in  a  semicircle. 

390*  An  Inscribed  polygon  is  one  whose  vertexes  lie  on 
the  circumference  of  a  circle,  and  whose 
sides  are  chords,  a.sAB  CD  E,  Fig.  45. 
The  sides  of  an  inscribed  regular  hex- 
agon have  the  same  length  as  the  radius 
of  the  circle. 

If,  in  any  circle,  a  radius  be  drawn  per- 
pendicular to  any  chord,  it  bisects  (cuts 
in  halves)  the  chord.    Thus,  if  the  radius 


O C,  Fig,  46, is  perpendicular  to  the  chord  A B,  A  D- 


DB. 


Example. — If  a  regular  pentagon  t>e  inscribed 
in  a  circle,  and  a  radius  is  drawn  perpendicular 
to  one  of  the  sides,  wiiat  arc  the  lengths  of  the 
two  parts  of  the  side,  the  perimeter  of  the  penta- 
gon t>eing  27  inches  ? 

Solution. — A  pentagon    has   five  sides,  and 
since  it  is  a  regular  pentagon,  all  the  sides  are  of 
equal    lengths;    the    perimeter   of    a   f>entagon, 
which   equals   the   distance  around  it,  or  equals 
'  ""  ~  the  sum  of  all  the  sides,   is  27  inches.    There- 

fore, the  length  of  one  side  =  87  -^  5  =  5|  inches.  Since  the  penU- 
gon  Is  an  inscritied  pentagon,  its  sides  are  chords,  and  as  a  radius 
perpendicular  to  a  chord  bisects  it,  we  have  6(  -i-  2  =  S^  inches,  which 
equals  the  length  of  each  of  the  parts  of  the  side,  cut  by  a  radius  per- 
pendicular to  it. 
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400.  If,  from  any  point  on  the  circumference  of  a  circle, 
a  perpendicular  be  let  fall  upon  a  given  diameter,  it  will  di- 
vide the  diameter  into  two  parts,  one  of 
which  will  be  in  the  same  ratio  to  the  per- 
pendicular as  the  perpendicular  is  to  the 
other.  That  is,  the  perpendicular  will  be  a -^ 
mean  proportional  between  the  two  parts. 

If  A  B,  Fig.  47,  is  the  given  diameter, 
and  C  any  point  on  the  circumference, 
then  AD:  C  D::  C  D:  D  B,  CD  being  a  mean  proportional 
between  A  D  and  D  B. 

Example. —If  7//^=  30  feet,  and  75  =  8  feet,  what  Is  the  diameter 
of  the  circle,  H KyicKnf^  perpendicular  \o  A  B  I 

SoLUTioM.— 30  teet  +  3feet  =  I5feet  =  ///:  AtiA  B / 1  IN  ::  IH: 
I  A,  or  e  :  10  r:  15  :  I  A. 

Therefore,  /vi  =  -^  =  ^  =  28^  feet,  and  /^  +  7.5  =  SSJ  +  8  = 
85^  feet  =  A  B  iha  diameter  of  the  circle.     Ans. 

<t01«  When  the  diameter  of  a  circle  and  the  lengths  of 
the  two  parts  into  which  it  is  divided  are  given,  the  length 
of  the  perpendicular  may  be  found  by  multiplying  the  lengths 
of  the  two  parts  together  and  extracting  the  square  root  of 
the  product. 

ExAHPLB.— In  Fig.  47,  the  diameter  of  the  circle  A  B  is  ^  feet, 
and  the  distance  BJ  is  8  feet;  what  is  the  length  of  the  line  HK} 

Solution.— As  the  diameter  of  the  circle  is  SS^  feet,  andas.?71s8 
feet.  lA  is  equal  to  80^  —  8  =  28^  feet  The  two  parts,  therefore,  are 
8  and  281  feet,  and  their  product  =  8  X  28i  =  8  x  -g^  =  225 ;  the  square 
root  of  their  products  4/225=15  feet,  and  as.  H  K^  IH-v  TK.m  2 
IH,  HK=  16  X  2  =  80  feet.    Aus. 

402>  To  find  the  circumference  of  a  circle,  the  diameter 
lacing  given: 

Rule  BB.— Multiply  the  diameter  by  S.  U16. 

ExAHPLB. — What  is  the  circumference  of  a  circle  whose  diameter  la 
IS  inches? 

Solution.— 15  x  3.141Q  =  47.124  inches.     Ans. 

403.  To  find  the  diameter  of  a  circle,  the  circumference 
being  given : 
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186  MENSURATION. 

Rule  BB.— Divide  the  circumference  by  S.UI6. 

ExAMPLB.— What  is  the  diameter  of  a  circle  whose  circumference  b 
09. V7S  inches! 

Solution.— 65.973-1-8.1416  =  31  Inches.    Ans. 

404.     To  find  the  length  of  an  arc  of  a  circle: 

Rul«  57. — Multiply  the  length  of  the  circumference  of  the 
circle  of  which  the  arcis  a  part  by  the  number  of  degrees  in 
the  arc,  and  divide  by  S60. 

BxAUPLE._What  is  the  leng:th  of  an  arc  of  24°.  the  radius  of  tbe  arc 
being  18  in.  ? 

SoLUTioH.— 18  X  2  =  8«  in.  =  the  diameter  of  the  circle.  86  X 
8.1410=  113.1  in.,  tbe  circumference  of  the  circle  of  which  the  arc  Is  a 
part 

24 

118.1  X  ggfj  =  7.64  in.,  or  the  length  of  the  arc    Ans. 

405>     To  find  the  area  of  a  circle: 
Rule  5S. — Square  the  diameter,  and  multiply  by  .  786^. 
Example.— What  is  the  area  of  a  circle  whose  diameter  is  IS  inches  ? 
Solution.— 15*  =  225;  and235x.TO54=  176.72sq.  in.    Ans. 
4O0.     Given  the  area  of  a  circle,  to  find  its  diameter: 
Rule  B9.-^Divide  the  area  by  ,7854,  and  extract  the  square 
root  of  the  quotient. 

ExAHPLB.— The  area  of  a  circle  =  17,671.5  square  inches.  What  is 
Its  diameter  in  feet  ? 

Solution.— 4/31^1  =  150  inches. 

■  12|  feet,  or  the  diameter.    Ans. 

Example.— What  is  the  area  of  a  flat  clrcnlar 
ring.  Fig.  46,  whose  outside  diameter  is  10  inches, 
and  whose  Inside  diameter  is  4  inches  7 

Solution.— The  area  of  the  large  circle  =  lO*  X 
.7854  =  78.54  square  inches;  the  area  of  the  small 
circle  =  4' X  .7854  =  12.57    square    inches.      The 

a  of  the  ring  is  the  difference  between  these 

Fio.  M.  areas,  or  78.54  —  12.57  =  65.97  square  inches.    Ans. 

407.  To  find  the  area  of  a  sector  (a  sector  of  a  cir- 
cle is  the  area  included  between  two  radii  and  the  circtun- 
ference,  as,  for  example,  the  area  C  O  E,  Fig.  13) : 
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Rule  60. — Divide  the  number  of  degrees  in  the  arc  of  the 
sector  by  S60.  Multiply  tlte  result  by  the  area  of  the  circle  of 
which  the  sector  is  a  part. 

EXAHPLB. — The  number  of  degrees  in  the  angle  formed  by  drawing 
radii  from  the  center  of  a  circle  to  tbe  eictremities  of  the  arc  of  the 
circle  is  75°.  The  diameter  of  the  circle  is  12  inches;  what  b  the  area 
ol  the  sector  ? 

Solution. — ^s^  =  %r'>  ^^^  ^^  ^  .7854  =  118.1  square  inches. 

118.1  X  i^  =  23.66  square  inches,  the  area.    Ans. 

408.  To  find  the  area  of  a  segment  of  a  circle  (a 
segment  of  a  circle  is  the  area  included  between  a  chord 
and  its  arc ;  for  example,  the  area  ABC,  Fig.  49) : 

Rule  61. — Divide  the  diameter  by  the  height  of  the  segment; 
subtract  .608  from  the  quotient,  and  extract  the  square  root  of 
the  remainder.  This  result  multiplied  by  ^  times  the  square 
of  the  height  of  the  segment,  and  then  divided  by  3,  tvill  give 
the  area,  very  nearly. 

The  rule,  expressed  as  a  formula,  is  as  follows,  where 
D  =  the  diameter  of  the  circle,  and  A  =  the  height  of  the 
segment,  see  Fig.  49 : 

Area  oiABCA  =^i/j  -  .608. 

Example. —What  is  the  area  of  the  segment 
of  a  circle  whose  diameter  is  54  inches,  the 
height  of  the  segment  being  20  inches  ? 
Solution.— Substituting  in  the  formula, 


EXAMPLES  FOR  PRACTICE. 

1.    An  angle  inscribed  in  a.  circle  intercepts  one-third  of  the  circum  ■ 
ference.     How  many  degrees  are  there  in  the  angle  t  Ans.  60". 

a.     Suppose  that  in  Fig.  47,  the  diameter  ^5=  1-5  feet,  and  the 
c.ff/=8feet.     What  is  the  length  of  the  line //A'? 

Ana.  19  ft 
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8     The  diameter  of  a  fiy-wheel  is  18  feet    What  is  the  distance 
around  it  to  the  nearest  16th  of  an  inch  1  Ans.  66  ft.  6^  in. 

4.  A  carriage  wheel  was  observed  to  make  7I|  turns  while  going 
800  yards.    What  was  its  diameter  ?  Ans.  4  ft.,  nearly. 

5.  What  is  the  length  of  an  arc  of  64*,  the  radius  of  the  arc  being 
SO  inches  ?  Ans.  88.S1  in. 

6.  Find  the  area  of  a  circle  S  feet  8  inches  in  diameter. 

Ans.  3.&70  sq.  ft. 

7.  What  must  be  the  diameter  of  a  circle  to  contain  100  square 
inches  ?  Ans.  11.28  in. 

8.  Compute  the  area  of  a  segment,  whose  height  is  1 1  inches,  and 
the  radius  of  whose  arc  is  31  inches.  Ans.  289.04  sq.  In. 

9.  Find  the  area  of  a  flat  circular  ring  whose  outside  diameter  ii 
12  inches  and  whose  inside  diameter  is  6  inches.  Ans.  84.82  sq.  in. 


THE    PRISM  AND   CYLINDER. 

409.  A  solid,  or  body,  has  three  dimensions:  length, 
breadth,  and  thickness.  The  sides  which  enclose  it  are  called 
the  faces,  and  their  intersections  are  called  edses. 

410.  A  prism  is  a  solid  whose  ends  are  equal  and  par* 
allel  polygons,  and  whose  sides  are  parallelograms.  Prisms 
take  their  names  from  the  form  of  their  bases.  Thus,  a  tri- 
angular prism  is  one  having  a  triangle  for  its  base;  a  hexag- 
onal prism  is  one  having  a  hexagon  for  its  base,  etc. 

41  !•  A  cylinder  is  a  body  of  uniform  diameter  whose 
ends  are  equal  parallel  circles. 


/ 

/> 

^ 

412.  Aparalleloplpedoii(Fig. 

50)  is  a  prism  whose  bases  (ends)  are 
parallelograms. 

413.  A  cube  (Pig.  fil)  isaprism 


whose  faces  and  ends   are  squares. 

All  the  faces  of  a  cube  are  equal. 
In  the  case  of  plane  figures,  we  have  had  to  do 
with  perimeters  and  areas.     In  the  case  of  solids,  We  have 
to  do  with  the  areas  of  their  outside  surfaces,  and  with 
their  contents  or  volumes. 
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414.  The  eatire  surface  of  any  solid  is  the  area  o£ 
the  whole  outside  of  the  solid,  including  the  ends. 

The  convex  surface  of  a  solid  is  the  same  as  the  entire 
surface,  except  that  the  areas  of  the  ends  are  not  included. 

415.  A  unit  of  volume  is  a  cube  each  of  whose  edges 
is  equal  in  length  to  the  unit.  The  voluoie  is  expressed  by 
the  number  of  times  it  will  contain  a  unit  of  volume. 

Thus,  if  the  unit  of  length  is  1  inch,  the  unit  of  volume 
trill  be  the  cube  whose  edges  each  measure  1  inch,  this  cube 
being  1  cubic  inch  ;  and  the  number  of  cubic  inches  the  solid 
contains  will  be  its  volume.  If  the  unit  of  length  is  1  foot, 
the  unit  of  volume  will  be  1  cubic  foot,  etc.  Cubic  inch,  cubic 
foot,  and  cubic  yard  are  abbreviated  to  cu.  in.,  cu.  ft.,  and 
cu.  yd.,  respectively. 

Instead  of  the  word  volume,  the  expression  cubical 
contents  is  sometimes  used. 

416.  To  find  the  area  of  the  convex  surface  of  a  prism 
or  cylinder: 

Rule  62. — Multiply  the  perimeter  of  the  base  by  the  altitude. 

Example.— A  block  of  marble  Is  24  Inches  long,  and  its  enda  are 
9  laches  square.     What  is  the  area  of  its  convei  surface  ? 

Soi.UTiOM--ex4  =  8fl  =  the  perimeter  of  the  base;  86x34  =  864 
sq.  in.,  the  convex  area.    Ans. 

To  find  the  entire  area  of  the  outside  surface,  add  the  areas  of  the 
two  ends  to  the  convex  area.  Thus,  the  area  of  the  two  ends 
=  exBx2  =  162sq,  in-;  864  +  162  =  l.OSS  sq.  in.    Ans. 

ExAiiPLK. — How  many  square  feet  of  sheet  iron  will  be  required 
for  a  pipe  IJ  feet  in  diameter  and  10  feet  long,  neglecting  the  amount 
necessary  for  lapping  ? 

Solution.— The  problem  is  to  find  the  convex  surface  of  a  cylinder 
14  feet  in  diameter  and  10  feet  long.  The  perimeter,  or  circumference, 
of  the  base  =  lix  8.1416  =  l.S  x  8.1416  =  4.712  feet.  The  convex  sur- 
faces^. 713x  10=  47.12  sq.  ft.  of  tnetal.    Ans. 

417.  To  find  the  volume  of  a  prism  or  a  cylinder; 

Rule  63. — Multiply  the  area  of  the  base  by  the  altitude. 

ExAHPLB.— What  is  the  weight  of  a  length  of  wrought-iron  shaft- 
ing 16  feet  long  and  3  inches  in  diameter  I  Wrought  iron  weighs  .38 
pound  per  cubic  Inch. 
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Solution. — The  shaft  is  a  cylinder  IS  feet  long.  The  area  of  one 
end,  or  the  base,  =VX  .7854  =  8. 1416  eq.  in.  Since  the  weight  of  the 
iron  is  given  per  cubic  inch,  the  contents  of  the  shaft  must  be  found 
in  cubic  inches.  The  length,  16  feet,  reduced  to  inches  =  16  X  18  = 
IWa  in,;  8.1416x192=603.18  cu.  in.  =  the  volume.  The  weights 
608.19  X -28  =  168.89  lb.    Ana. 

EXAMPLB.— Find  the  cubical  contents  of  a  heiagonal  prism,  Fig.  63. 
12  inches  long,  each  edge  of  the  base  being  one  inch  iong. 

Solution. — In  order  to  obtain  the  area  of  one 
end,  tbe  distance  CD  from  the  center  Cto  one  side 
muse  be  found. 

In  the  right-angled  triangle  CV  A,  side  A  D  = 
{AB.or  one-lialt  inch,  and  since  the  polygon  Is  a 
hexagon,  side  C  A  =  distance  A  B,  or  one  inch. 
Hence.  C  A  being  the  hypotenuse,  the  length  of 
side  C  ZJ  =  4/I' -  (i)'  =  4/1"  -  .5'  =  4/^.  or 


;.86e 


of  the 
of  the 


.866  inch.    Area  of  triangle  A  CB 

whole  polygon  =  .483  x  6  =  2.698  sq.  ia     Hence,  the 

prism  =  2.698  X  18  =  81.176  cu.  in.    Ans. 

ExAKPLB.— It  is  required  to  find  the  number  of  cubic  feet  of  steam 
space  in  the  boiler  shown  in  Fig.  53.    The  boiler  is  10  feet  long  between 


heads,  M  Inches  in  diameter,  and  the  mean  water  line  MN\&  at  a  dls> 
tance  of  Ifl  inches  from  the  top  of  the  boiler.  The  volume  of  the  steam 
outlet  casting  may  be  neglected. 

Solution.— The  volume  of  the  steam  space,  which  is  that  space 
within  the  boiler  above  the  surface  Af  NOP  ai  the  water,  is  found  by 
the  rule  tor  finding  the  volume  of  a  prism  or  cylinder,  the  area  M N S 
being  the  base,  and  the  length  A"!?  the  altitude.  First  obtain  the  area 
of  the  segment  M NS,  whose  height  A  is  16  inches,  in  square  feet;  then 
multiply  the  result  by  16,  the  length  of  the  boiler. 
By  tbe  formula  previously  given,  tbe  area  of  the  segment  = 
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=  1.663. 


Hence,  the  area  ^  341.83  x  I-Ses  =  S67.63  sq.  in.  This,  reduced  to 
Equarefeet,  =  G6T.63  +  141^8.tM3sq.  ft.and  the  volume,  therefore,  = 
8.943  X  16  =  63.07  cu.  ft.    Ans. 

In  the  above  solution,  the  space  occupied  by  the  stays  is 
not  considered,  lor  sake  of  simplicity.  They  are  not  shown 
in  the  figure. 

EXAiiPLB.—ln  the  above  boiler  there  are  60  tubes,  8}  inches  outside 
diameter.  How  many  gallons  of  water  will  it  take  to  fill  the  boiler  up 
to  the  mean  water  level,  there  being  231  cubic  inches  in  a  gallon  ? 

Solution. — Find  the  volume  in  cubic  inches  of  that  part  of  the  boiler 
below  the  surface  of  the  water  MNO  P,  since  the  contents  of  a  gallon  Is 
given  in  cubic  inches,  and  from  it  subtract  the  volume  of  the  tubes  in 
cubic  inches. 

This  may  be  done  by  first  finding  the  /o/a/area  of  one  end  of  the  boiler 
In  square  inches,  from  it  subtracting  theareaof  thesegment  .^A''5,  and 
the  areas  of  the  ends  of  the  tubes  in  square  inches,  and  then  by  multi- 
plying the  result  by  the  length  of  the  boiler  in  inchet. 

Total  area  of  one  end  =  ti4*  x  .7854  =  3,390.23  sq.  in. 

Area  of  segment  MNS,  as  found  in  last  example,  =  567.03  sq.  In. 

Area  of  the  end  of  one  tube  =  3.25<  x  .7854  =  8.39S8sq.  in. 

Area  of  the  ends  of  the  60  tubes  =  8.2958  X  60  =  4D7.7S  sq.  in. 

Hence,  the  area  to  be  subtracted  =  667.63  +  497.75  =  1,065.88  sq.  in. 
SubtracUng.  3,2W.28  -  1,065.88  =  1.S24.85  sq.  in.  =  net  area. 

The  cubical  contents  =  1,334.85  X  16  X  13  =  23S.171.3  cu.  in.  This, 
divided  by  331,  will  give  the  number  of  gallons;  whence,  385,171.3-1- 
381  =  1,018.06  gallons  of  water..   Ans. 

EXAMPLES  FOR  PSACXICB. 

1.  Find  the  area  in  square  inches  of  the  convex  surface  of  a  bar  of 
iTon4i  inches  in  diameter,  and  8  feet  G  inches  long.    Ans.  1.846.53  sq.  in. 

2l     Find  the  area  of  the  entire  Buriace  of  the  above  bar. 

Ans.  1.376.9  sq.  In. 

S.  What  is  the  area  of  the  entire  surface  of  the  hexagonal  prism 
whOK  base  is  shown  in  Pig.  53?  Ans.  77.196  sq.  in. 

4.  A  multitubular  boiler  has  the  following  dimensions:  diameter,  SO 
Inches;  length  between  heads,  15  feet;  number  of  tubes,  56;  outside 
diameter  of  tubes,  3  inches;  distance  of  mean  water  line  from  top  of 
boiler,  16  inches,  (n)  Compute  the  steam  space  in  cubic  feet,  (i)  Find 
the  number  of  gallons  of  water  required  to  fill  the  boiler  up  to  the  mean 
water  line.  .       I  (a)  66.4  cu.  ft. 

■'^  1  (b)  800  galloDft 
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THE   PYRAMID    AMD  CONG. 

418.  A  pyramid  (Fig.  64)  is  a  solid 
whose  base  is  a  polygon,  and  whose  sides  are 
triangles  uniting  at  a  common 
point,  called  the  vertex. 

419.  A  cone  (Pig.  55)  is 
a  solid  whose  base  is  a  circle 

*''"■  **"  and     whose    convex    surface 

tapers  uniformly  to  a  point  called  the  vertex. 

420.     The  altitude  of  a  pyramid  or  cone  '"*'■  *" 

is  the  perpendicular  distance  from  the  vertex  to  the  base. 

421*  The  slant  taelctat  of  a  pyramid  is  a  line  drawn 
from  the  vertex  perpendicular  to  one  of  the  sides  of  the 
base.  The  slant  height  of  a  cone  is  any  straight  line  drawn 
from  the  vertex  to  the  circumference  of  the  base. 

422.  To  find  the  convex  area  of  a  pyramid  or  cone: 
Rule  64. — Multiply  the  perimeter  of  the  base  by  one-kalf 

ike  slant  height. 

ExAUPLB.  —What  is  the  convex  area  of  a  pentagonal  pyramid.  K  one 
side  of  the  base  measures  8  inches,  and  the  slant  height  =  14  inches  ? 

SoLUTioM. — The  base  of  a  prentagonal  pyramid  is  a  pentagon,  and, 
consequently,  has  live  sides. 

6x5  =  30inches, or  theperimeterof  thebase.  80  X -^  =  810  sq.  in., 
or  the  convex  area.    Ans. 

ExAHPLB. — What  is  the  entire  area  of  a  right  cone  whose  slant 
nelght  is  17  inches,  and  whose  base  is  8  inches  in  diameter  ? 

Solution.— The  perimeter  of  the  base  =  8x3. 1416  =  26.1828  in, 
Convex  area  =  85.1328  X  ^  =  213.63  sq.  in. 
Area  of  base  =       8*  X  -7834  =  60.27  sq.  In. 

Entire  area  =:  2A3.90  aq.  In.    Ana. 

423.  To  find  the  volume  of  a  pyramid  or  cone: 

Rule  &&.— Multiply  the  area  of  the  base  by  one-third  oj 
the  altitude. 
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SOLVnON.— Draw  the  base  as  shown  in  Pig.  Hg 
It  will  be  an  equilateral  triangle,  all  of  whose 
sides  are  0  inches  long. 

Draw  a  perpendicular  BD  from  the  vertex 
to  the  base;  it  will  divide  the  base  into  two 
equal  parts,  since  an  equilateral  triangle  is  also 
Isosceles,  and  will  be  the  altitude  of  the  triangle. 
In  order  to  obtain  the  area  of  the  base,  this 
altitude  mast  be  determined. 

In  the  right-angled  triangle  B D  A,  the  hypotei 
and  side  A  D  =  9  inches,  to  find  the  other  side, 

B£>=  ♦'6'-8«  =  G. a  inches,  nearly. 

Area  of  the  base,  or  .9  .^  C,  = — 
=  lB.ft  X  I-  =  41.6  cu.  in.    Ans. 

Example.— What  Is  the  volume  of  a  cone  whose  altitude 
Inches,  and  whose  base  Is  14  inches  In  diameter  ? 

Solution.— Area  of  the  base  =  14*  X  .7864  =  15S.M  >q.  in.    Hence, 
the  volume  =  158.94  X^^^OSaUcu.  in.    Ans. 


IS.Osq.  in.    Hence,  the  volume 


19 


BXAMPLBB  FOR  PRACTICB. 

1.    Rnd  the  convex  surface  of  a  square  pyramid  whose  slant  height 
Is  28  Inches,  and  one  edge  of  whose  base  is  7}  inches  long. 

Ans.  420  sq.  in. 
8.    What  is  the  volume  of  a  triangular  pyramid,  one  edge  of  whOM 
base  measures  8  inches,  and  whose  altitude  is  4  inches  7 

Ans.  S.9  cu.  in. 
&    Piad  the  volume  of  a  cone  whose  altitude  is  13  inches,  and  the 
drcumference  of  whose  base  is  81.416  inches.  Ans.  31416  cu.  in. 

NOTB. — Find  the  diameter  of  the  base  and  then  its  area. 


THE  FRUSTUM  OP  A  PYRAMID  OR  CONE. 


424*  If  a  pyramid  be  cut  by  a 
plane,  parallel  to  the  base,  so  as 
to  form  two  parts,  as  in  Fig.  57, 
the  lower  part  is  called  the  frustum 
of  the  pyramid. 

If  a  cone  be  cut  in  a  similar  man- 
ner, as  in  Fig.  58,  the  lower  part  is 
called  the  fruBtum  of  the  cone. 


A 
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426.  The  upper  end  of  the  frustum  of  a  pyramid  or 
cone  is  called  the  upper  base,  and  the  lower  end  the 
lower  base.  The  altitude  of  a  frustum  is  the  perpendicu- 
lar distance  between  the  bases. 

426.  To  find  the  convex  surface  of  a  frustum  of  a 
pyramid  or  cone; 

Rule  %%.— Multiply  one-half  ilte  sum  of  the  perimtters  ef 
tke  two  bases  by  the  slant  height  of  the  frustum. 

Ekamplb.— Given,  the  frustum  of  a  triangular  pyramid.  In  which 
one  side  of  the  lower  base  measures  10  inches,  one  side  of  the  upper 
base  measures  6  inches,  and  whose  slant  height  is  9  inches;  find  the 
area  of  the  convex  surface. 

SoLUTiOK,— 10  in.  X  3  =  80  in.,  the  perimeter  of  the  lower  base. 

6  in.  x8  =  18in.,  the  perimeter  of  tne  upper  base. 

80  +  IB  _  24  in,,  or  one-half  the  sum  of  the  perimeters  of  the  two 
bases.    24x9  =  Siesq.  In.,  the  convex  area.    Ans. 

EXAiiPLB.— If  the  diameters  of  the  two  bases  of  a  frustum  of  a  cone 
are  18  inches  and  8  inches,  respectively,  and  the  slant  height  is  13 
inches,  what  is  the  entire  area  of  the  frustum  ? 

So„™».-<!i>lHlH+ii><i2^Xia=876,»  «,.  to..  th= 
area  of  the  convex  surface. 

Area  of  the  upper  base  =  8'  x  .7854  =  50.27  sq.  in. 

Area  of  the  lower  base  =  IS*  x  .7854=  118.1  sq.  in. 

The  entir*  area  of  the  fnwtnm  =  876.M +5a2T-i- 118.1  =  Ma86 
sq.  in.    Ans. 

427.  To  find  the  volume  of  the  frustum  of  a  pyramid 
or  cone: 

Rule  67. — Add  together  the  araas  of  the  upper  and  lower 
bases,  and  the  square  root  of  tke  product  of  the  two  areas  ; 
multiply  the  sum  by  one-third  of  the  altitude. 

ExAHPLB. — Given,  a  frustum  of  a  square  pyramid  (one  whose  base 
Is  a  square);  each  edge  of  the  lower  base  is  13  inches,  each  edge  of  the 
upper  base  is  S  inches,  and  its  altitude  is  16  inches;  what  is  its  volume  1 

Solution.— Area  of  upper  base  ==  5  x  5  =  2S  sq.  in. ;  area  of  lower 
base  !=  13  X  13  — 144  sq.  in. ;  the  square  root  of  the  product  of  the  two 
areas  =  4/35x144  =  00.  Adding  these  three  results,  and  multiplying 
by  one-third  the  altitude,  2S  +  144-i-e0s82»;  a20X.^  =  l,2!Ut  cu. 
In.  =  the  volume.    Ana. 
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BxAMFLB.— Hov  mtcoy  gallons  of  water  will  ft  round  tank  bold, 
which  is  4  feet  in  diameter  at  the  top,  6  feet  In  diameter  at  the  bottom, 
and  9  feet  deep  7 

Solution. —There  are  S81  cubic  inches  !n  a  gallon,  and  the  volume 
of  the  tank  should  be  found  in  cubic  inches.  The  tank  is  in  the  shape 
ot  the  frustum  of  a  cone.  The  upper  diameter  =  4  X  13  =  48  inches ; 
the  lower  diameter  =  8  X  13  =  60  inches,  and  the  depth  =  8  X  18  =  96 
Inches.  Area  of  upper  base  =  48*  X  -7854  =  1,809.56  sq.  in. ;  area  of  lower 
base  =  60*  X  .7854  =  3,827.44Bq.  in. ;  v'1.809.66  x  2.827.44  =  3,261,96. 

Whence,  1.809.66  +  3.827.44  +  2,361.95  =  6,898.95;  6,89e.95X-^  = 
220,766.4  cu.  in.  =  contents.  Now,  since  there  are  281  cu.  In.  in  one 
gallon,  the  Unk  wiU  bold  220,766.4  +  281  =  9SS.T  gallons,  nearly.  Ana. 


BXAMPI.B8  FOR  PRACTICE. 

t.  Find  the  convex  surface  of  the  frustum  of  a  square  pyramid,  onQ 
edge  of  whose  lower  base  is  16  inches  long,  one  edge  of  whose  upper 
base  is  14  inches  long,  and  whose  slant  height  Is  one  Inch. 

Ans.  58  sq.  In. 

B.'  Find  the  volume  of  the  above  frustum,  supposing  its  altitude  to 
be  8  inches.  Ans.  681  cu.  in. 

i.  Find  the  volume  of  the  frustum  of  a  cone  whose  altitude  is  13 
feet  and  the  diameters  of  whose  upper  and  lower  bases  are  8  and  10  feet, 
respectively.  Ans.  760.65  cu.  ft 

4.  If  a  tank  had  the  dimendons  of  example  8,  how  many  gallons 
would  It  hold  ?  Ans.  6,784.3  gallons,  nearly. 

THE   SPHERE   AND   CVUNDRICAL   RING. 

428.  A  Bptacrc  (Pig.  69)  is  a  solid 
bounded  by  a  uniformly  curved  surface, 
every  point  of  which  is  equally  distant  from 
a  point  within,  called  the  center. 

The  word  ball,  or  8;lol>e,  is  generally 
used  instead  of  sphere. 

429.  To  find  the  area  of  the  surface  of  a  *"°-'* 
sphere : 

Rule  6S. — Square  the  diameter  and  multiply  the  result 
by  S.1^6. 

ExAHPLB. — What  is  the  area  of  the  surface  of  a  sphere  whose  dlain- 
eter  is  14  inches  ? 

Solution.— Diameter  squared  x  8.1416  =  lVy.  8.1410  =  14  x  14  x 
&14ia  3  616.75  sq.  in.    Ana. 
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Prom  this  It  vill  be  seen  that  the  surface  of  a  sphers 
equals  the  circumference  of  a  great  circle  multiplied  by  the 
diameter,  a  rule  often  used ;  a  great  circle  of  a  sphere  is  the 
intersection  of  its  surface  with  a  plane  passing  through  its 
center;  for  instance,  the  great  circle  of  a  sphere  6  in. 
diameter  is  a  circle  of  6  in.  diameter.  Any  number  of 
great  circles  could  be  described  on  a  given  sphere. 

430*    To  find  the  volume  of  a  sphere: 

Rule  69. — Cube  the  diameter  and  multiply  the  result  by 

.6iS6. 

ExAHPLB.— What  la  the  weight  of  a  lead  ball  12  Inches  In  dLameter, 
a  cubic  ioch  of  lead  weighing  .41  pound  7 

Solution.— Diameter  cubed  X  'SSSa  »  13  X  13  X  13  X  .6386  =  90178 
cu.  in.,  or  the  volume  of  the  ball.  The  weight,  therefore,  =  904.78  X 
.41  =  870.BS  pounds.    Aos. 

431.    To  find  the  convex  area  of  a  cylindrical  ring: 

A  cylindrical  linE  (Fig-  60)  is  a  cyU 
inder  bent  to  a  circle.  The  altitude  of  the 
cylinder  before  bending  is  the  same  as 
Js  the  length  of  the  dotted  center  line  D. 
The  base  will  correspond  to  a  cross- 
section  on  the  line  A  B  drawn  from  the 
center   O.     Hence,  to  find   the  convex 


Rule  70. — Multiply  the  circumference  of  an  imaginary 
cross-section  on  the  line  A  B,  by  the  length  of  the  center 
line  D. 

Example. — If  the  out^de  diameter  of  the  ring  Is  13  Inches,  and  the 
inside  diameter  Is  8  Inches,  what  Is  its  convex  area  ? 

Solution. — The  diameter  of  the  center  circle  equals  one-half  the 
sum  of  the  inside  and  outside  diameters  =  — 5—  =10,  and  10  X 
&1416  =  81.410  inches,  the  length  of  the  center  line. 

The  radius  of  the  inner  circle  is  4  inches;  of  the  outside  circle, 
8  inches;  therefore,  the  diameter  of  the  cross-section  on  the  line  A  B 
Is  2  Inches.  Then,  2  X  8.1416  =  6.2882  inches,  and  6.3882x81.416  = 
197.4wt  In.,  theconresarea.    Ana. 
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432.    To  find  the  volume  of  a  cylindrical  ring; 

Rule  71. — The  volume  will  be  ike  same  as  that  of  a  cyiin- 
tier  whose  altitude  equals  the  length  of 
the  dotted  center  line  D,  and  whose  base 
is  the  same  as  a  cross-section  of  the  ring  j 
on  the  line  A  B,  drawn  from  the  center  j 
O.     Hence,  to  find  the  volume  of  a  cylin- 
drical   ring,   multiply  the    area  of  an 
imaginary  cross-section  on  the  line  A  B, 
by  the  length  of  the  center  line  D.  ^"o-  «■ 

Example. — What  is  the  volume  of  a  cylindrical  ring  whose  outside 
diameter  is  13  Inches,  and  whose  inside  diameter  is  8  inches  ? 

SOLDTIOM.— The  diameter  of  the  center  circle  equals  one-half  the 
sam  of  the  inside  and  outside  diameters  =  — g —  =  10. 

10  X  8.1416  =  81.416  inches,  the  length  of  the  center  line. 

The  radius  of  the  outside  circle  =  6  Inches;  of  the  inside  circles 

4  inches;  therefore,  the  diameter  of  the  cross-section  on  the  line  A  B  = 

5  inches. 

Then,  2* x, 7854  =  3.1416  sq.  in.,  the  area  of  the  imaginary  cros». 
section. 

And  8.14K  X  81.416  =  98.7  cubic  Inches,  the  volume.    Ans. 


BXAMPLBS  FOR  PRACTICE. 

1    Wbat  is  the  volume  of  a  sphere  80  Inches  In  diameter  7 

Ans.  14,137.2  GU.  in. 
'i.    How  many  square  inches  in  the  surface  of  the  above  sphere  7 

Ans.  2.827.44  sq.  in. 

S.     Required  the  area  of  the  convex  surface  of  a  circular  ring,  the 

outside  diameter  of  the  ring  being  10  Inches,  and  the  Inside  diameter 

'i\  Inches.  Ans.  107.ftS  sq.  in. 

4.    Find  the  cubical  contents  of  the  ring  in  the  last  example.' 

Ans.  88.78  cu.  in. 

B.    The  surface  of  a  sphere  contains  814.16  square  inches.    Wiiat  is 

the  TOlnme  of  the  sphere  7  Ans.  S28.6  cu.  la 
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MECHANICS. 


433.  McchanlCB  is  that  science  which  treats  of  th« 
action  of  forces  upon  bodies,  and  the  efEects  which  they 
produce ;  it  treats  of  the  laws  which  govern  the  movement 
and  equilibrium  of  bodies,  and  shows  how  they  may  be 
utilized.  

MATTER  AND  ITS  PROPERTIES. 

434.  Matter  is  anything  that  occupies  space.  It  is 
the  substance  of  which  all  bodies  consist.  Matter  is  com- 
posed of  molecules  and  atoms. 

436.  A  molecule  is  the  smallest  portion  of  matter 
that  can  exist  without  changing  its  nature. 

436.     An  atom  is  an  indivisible  portion  of  matter. 

Atoms  unite  to  form  molecules,  and  a  collection  of  mole- 
cules forms  a  mass  or  body. 

A  drop  of  water  may  be  divided  and  subdivided,  until 
each  particle  is  so  small  that  it  can  only  be  seen  by  the 
most  powerful  microscope,  but  each  particle  will  still  be 
water. 

Now,  imagine  the  division  to  be  carried  on  still  further, 
until  a  limit  is  reached  beyond  which  it  is  impossible  to  go 
without  changing  the  nature  of  the  particle.  The  particle 
of  water  is  now  so  small  that,  if  it  be  divided  again,  it  will 
cease  to  be  water,  and  will  be  something  else;  we  will  call 
this  particle  a  molecule. 

If  a  molecule  of  water  be  divided,  it  will  yield  two  atoms 
of  hydrogen  gas,  and  one  of  oxygen  gas.  If  a  molecule 
of  sulphuric  acid  be  divided,  it  will  yield  two  atoms  of 
hydrogen,  one  of  sulphur,  and  four  of  oxygen. 

For  notice  of  the  copyriBtil,  see  page  ImmedUtely  follan-ing  the  tilU  pose. 
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It  has  been  calculated  that  the  diameter  of  a  molecule  is 
larger  than  ingt^moTn  of  an  inch,  and  smaller  than 
Tirtrinnni  "f  an  inch. 

437.  Bodies  are  composed  of  collections  o£  molecules. 
Matter  exists  in  three  conditions  or  forms:  solid,  liquid,  and 
gaseous. 

43S>  A  solid  ttody  is  one  whose  molecules  change 
their  relative  positions  with  great  difficulty;  as  iron,  wood, 
stone,  etc. 

439.  A  liquid  body  is  one  whose  molecules  tend  to 
change  their  relative  positions  easily.  Liquids  readily  adapt 
themselves  to  the  shape  of  vessels  which  contain  them,  and 
their  upper  surface  always  tends  to  become  perfectly  level. 
Water,  mercury^  molasses,  etc.,  are  liquids. 

440.  A  saseous  body,  or  gas,  is  one  whose  molecules 
tend  to  separate  from  one  another;  as  air,  oxygen, 
hydrogen,  etc. 

Gaseous  bodies  are  sometimes  called  aeriform  (air-like) 
bodies.  They  are  divided  into  two  classes:  the  so-called 
"permanent" gases,  and  vapors. 

441.  A  permanent  gas  is  one  which  remains  a  gas 
at  ordinary  temperatures  and  pressures. 

442.  A  vapor  is  a  body  which  at  ordinary  tempera- 
tures is  a  liquid  or  solid,  but  when  heat  is  applied,  becomes 
a  gas,  as  steam. 

One  body  may  be  in  all  three  states;  as,  for  example, 
mercury,  which  at  ordinary  temperatures  is  a  liquid, 
becomes  a  solid  (freezes)  at  40°  below  zero,  and  a  vapor 
(gas)  at  600°  above  zero.  By  means  of  great  cold,  all  gases, 
even  hydrogen,  have  been  liquefied,  and  some  solidified. 

By  means  of  heat,  all  solids  have  been  liquefied,  and  a 
great  many  vaporized.  It  is  probable  that,  if  we  had  the 
means  of  producing  sufficiently  great  extremes  of  heat  and 
cold,  all  solids  might  be  converted  into  gases,  and  all  gases 
into  solids. 
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443<  Bvery  portion  of  matter  possesses  certain  qualities 
called  properties.  Properties  of  matter  are  divided  into 
two  classes :  general  and  special. 

444.  General  properties  of  matter  are  those  which 
are  common  to  all  bodies.  They  are  as  follows:  Extension, 
impenetrability,  weight,  indestructibility,  inertia,  mobility, 
divisibility,  porosity,  compressibility,  expansibility,  and 
elasticity. 

445.  Exteasloo  is  the  property  of  occupying  space. 
Since  all  bodies  must  occupy  space,  it  follows  that  extension 
is  a  general  property. 

446.  By  Impeaetrablllty  we  mean  that  no  two  bodies 
can  occupy  exactly  the  same  space  at  the  same  time. 

447.  Weleht  is  the  measure  of  the  earth's  attraction 
'upon  a  body.     All  bodies  have  weight.     In  former  times  it 

was  supposed  that  gases  had  no  weight,  since,  if  unconfined, 
they  tend  to  move  away  from  the  earth,  but,  nevertheless, 
they  will  finally  reach  a  point  beyond  which  they  can  not  go, 
being  held  in  suspension  by  the  earth's  attraction.  Weight 
is  measured  by  comparison  with  a  standard.  The  standard 
is  a  bar  of  platinum  owned  and  kept  by  the  Government;  it 
weighs  one  pound. 

448.  laertla  means  that  a  body  can  not  put  itself  in 
motion  nor  bring  itself  to  rest.  To  do  either  it  must  be 
acted  upon  by  some  forc'e. 

449.  Mobility  means  that  a  body  can  be  changed  in 
position  by  some  force  acting  upon  it. 

450.  Divisibility  is  that  property  of  matter  on 
account  of  which  a  body  may  be  separated  into  parts, 

451.  Porosity  is  the  term  used  to  denote  the  fact  that 
there  is  space  between  the  molecules  of  a  body.  The  mole- 
cules of  a  body  are  supposed  to  be  spherical,  and,  hence, 
there  is  space  between  them,  as  there  would  be  between 
peaches  in  a  basket.  The  molecules  of  water  are  larger 
than  those  of  salt;  so  that  when  salt  is  dissolved  in  water. 
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its  molecules  wedge  themselves  betveen  the  molecules  of  the 
water,  and  unless  too  much  salt  is  added,  the  water  will 
occupy  no  more  space  than  it  did  before.  This  does  not 
prove  that  water  is  penetrable,  for  the  molecules  of  salt 
occupy  the  space  that  the  molecules  of  water  did  not. 

Water  has  been  forced  through  iron  by  pressure,  thus 
proving  that  iron  is  porous. 

452.  CofnprcBitlbllity. — This  property  is  a  natural 
consequence  of  the  preceding  one.  Since  there  is  space 
between  the  molecules,  it  is  evident  that  by  means  of  force 
(pressure)  they  can  be  brought  closer  together,  and  thus  the 
body  be  made  to  occupy  a  smaller  space. 

453.  Bxpanslbltlty  is  the  term  used  to  denote  the 
fact  that  the  molecules  of  a  body  will,  under  certain  condi- 
tions (when  heated,  for  example),  move  farther  apart,  and  so 
cause  the  body  to  expand,  or  occupy  a  greater  space. 

454.  Elasticity  is  that  property  of  matter  which  en- 
ables a  body  when  distorted  within  certain  limits  to  resume 
its  original  form  when  the  distorting  force  is  removed. 
Glass,  ivory,  and  steel  are  very  elastic,  clay  and  putty  in 
their  natural  state  being  very  slightly  so. 

455.  ladestructlblllty  is  the  term  used  to  denote  the 
fact  that  we  can  not  destroy  matter.  A  body  may  undergo 
thousands  of  changes,  be  resolved  into  its  molecules,  and 
its  molecules  into  atoms,  which  may  unite  with  other  atoms 
to  form  other  molecules  and  bodies  entirely  different  in  ap- 
pearance and  properties  from  the  original  body,  but  the  same 
number  of  atoms  remain.  The  whole  number  of  atoms  in  the 
universe  is  exactly  the  same  now  as  it  was  millions  of  years 
ago,  and  will  always  be  the  same.     Matter  is  indestructible. 

456.  Special  properties  are  those  which  are  not  pos- 
sessed by  all  bodies.  Some  of  the  most  important  are  as 
follows :  hardness,  tenacity,  brittleness,  malleability,  and 
ductility. 

457.  Hardness. — A  piece  of  copper  will  scratch  a 
piece  of  wood,  steel  will  scratch  copper,  and  tempered  steel 
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will  scratch  steel  in  its  ordinary  state.  We  express  all  this 
by  saying  that  steel  is  harder  than  copper,  and  so  on,  Emery 
and  corundum  are  extremely  hard,  and  the  diamond  is  the 
hardest  of  all  known  substances.  It  can  only  be  polished 
with  its  own  powder, 

458.  Tenacity  is  the  term  applied  to  the  power  with 
which  some  bodies  resist  a  force  tending  to  pull  them  apart. 
Steel  is  very  tenacious. 

459.  Brlttlenesa. — Some  bodies  possess  considerable 
power  to  resist  either  a  pull  or  a  pressure,  but  they  are  easily 
broken  when  subjected  to  shocks  or  jars ;  for  example,  good 
glass  will  bear  a  greater  compressive  force  than  most  woods, 
biit  may  be  easily  broken  when  dropped  on  to  a  hard  floor; 
this  property  is  called  brittleness. 

460<  Malleability  is  that  property  which  permits  of 
some  bodies  being  hammered  or  rolled  into  sheets.  Gold  is 
the  most  malleable  of  all  substances. 

461.  Ductility  is  that  property  which  enables  some 
bodies  to  be  drawn  into  wire.  Platinum  is  the  most  ductile 
of  all  substances. 


MOTION    AND    VELOCITY. 

462*  Motion  is  the  opposite  of  rest,  and  indicates  a 
changing  of  position  in  relation  to  some  object  which  is  for 
that  purpose  regarded  as  being  fixed.  If  a  large  stone  is 
rolled  down  hill,  it  is  in  motion  in  relation  to  the  hill. 

If  a  person  is  on  a  railway  train,  and  walks  in  the  oppo- 
site direction  from  that  in  which  the  train  is  moving,  and 
with  the  same  speed,  he  will  be  in  motion  as  regards  the 
train,  but  at  rest  with  respect  to  the  earth,  since,  until  he 
gets  to  the  end  of  the  train,  he  will  be  directly  over  the 
spot  at  which  he  was  when  he  started  to  walk. 

463>  The  path  of  a  body  in  motion  is  the  line  described 
by  a  certain  point  in  the  body  called  its  center  of  gravity. 
No  matter  how  irregular  the  shape  of  the  body  may  be,  nor 
bow  many  turns  and  twists  it  may  make,  the  line  which 
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indicates  .the  direction  of  this  point  for  every  instant  that  it 
is  in  motion  is  the  path  of  the  body. 

464.  Velocity  is  rate  of  motion.  It  is  measured  by  a 
unit  of  space  passed  over  in  a  unit  of  time.  When  equal 
spaces  are  passed  over  in  equal  times,  the  velocity  is  said  to 
be  uniform.     In  all  other  cases  it  is  variable. 

If  the  fly-wheel  of  an  engine  keeps  up  a  constant  speed  of 
a  certain  number  of  revolutions  per  minute,  the  velocity  of 
any  point  is  uniform.  A  railway  train  having  a  constant 
speed  of  40  miles  per  hour,  moves  40  miles  every  hour,  or 

—  =  ^  of  a  mile  every  minute,  and  since  equal  spaces  are 

passed  over  in  equal  times,  the  velocity  is  uniform. 

465>  To  find  the  uniform  velocity  which  a  body  must 
have  to  pass  overacertain  distance  or  space  in  a  given  time : 

Rule   72. — Divide  the  distance  by  tke  time. 

Example. — The  piston  of  a  steam  engine  travels  8.000  feet  in  S 
minutes;  what  is  its  velocity  in  feet  per  minute  ? 

Solution. — Here  3,000  feet  is  the  distance,  and  6  minutes  is  the  time. 
Applying  the  rule,  8,000  +  6  =  600  feet  per  minute.    Ans. 

Caution, — Before  applying  the  above  or  any  of  the  suc- 
ceeding rules,  care  must  be  taken  to  reduce  the  values  given 
to  the  denominations  required  in  the  answer.  Thus,  in  the 
above  example,  had  the  velocity  been  required  in  feet  per 
second  instead  of  feet  per  minute,  the  5  minutes  would  have 
been  reduced  to  seconds  before  dividing.  The  operation 
would  then  have  been,  5  min.  =  5  X  60  =  300  sec.  Applying 
the  rule,  3,000  -^  300  =  10  ft.  per  sec.     Ans. 

466>  Had  the  velocity  been  required  in  inches  per  sec- 
ond, it  would  have  been  necessary  to  reduce  the  3,000  feet 
to  inches  and  the  5  minutes  to  seconds,  before  dividing. 
Thus,  3,000  ft.  X  12  =  36,000  in.  5  min.  X  60  =  300  sec. 
Now,  applying  the  rule,  36,000 -i-  300  =  120  in.  per  sec.    Ans. 

ExAUPLB. — A  railroad  train  travels  50  miles  in  1^  hours;  what  is  its 
average  velocity  in  feet  per  second  ? 
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SoLtTTioK.— Reducing  the  miles  to  feet,  and  the  hours  to  seconds,  60 
miles  X  8,280  =  2fl4,000  ft.  H  hours  x  60  X  BO  =  5,400  sec.  Applying 
the  rule.  3S4.000  -i-  5.400  =  461  ^t.  per  sec.     Ans. 

467>  If  the  uniform  velocity  (or  the  average  velocity) 
and  the  time  are  given,  and  it  is  required  to  find  the  dis- 
tance vhich  a  body  having  the  given  velocity  would  travel 
in  the  given  time : 

Rule  73. — Multiply  the  velocity  by  the  time. 

ExAHPLB.— The  velocity  of  sound  in  still  a.lr  Is  1,093  feet  per  second  < 
how  many  miles  will  it  travel  in  10  seconds  ? 

Solution.— Reducing  the  1,092  ft.  to  miles,  1,093  +  6,280  =  1^. 

Applying  the  rule,  t-^^  X  1ft  =  3.31  miles,  nearly.     Ans. 

Example.— The  piston  speed  of  an  engine  is  II  ft.  per  sec.,  how 
many  miles  does  the  piston  travel  in  1  hour  and  15  minutes  7 

Solution.— 1  hour  and  15  minutes  reduced  to  seconds  =  4,600 
seconds  ■=  the  time.  II  feet  reduced  to  miles  =  r-^n  ^"''^  =  velocity 
In  miles persecond.   Applying  the  rule,  j-gjr-rX  4.500  =  9.375  miles.  Ana. 

46S-  If  the  distance  through  which  a  body  moves  is 
given,  and  also  its  average  or  uniform  velocity,  and  it  is 
desired  to  know  how  long  it  takes  the  body  to  move  through 
the  given  distance: 

Rule  74. — Divide  the  distance,  or  space  passed  over,  by 
the  velocity. 

Ex AUPLs. —Suppose  that  the  radius  of  the  crank  of  a  steam  engine 
is  15',  and  that  the  shaft  makes  120  revolutions  per  minute,  how  long 
will  it  take  the  crank-pin  to  travel  18.849.6  feet  ? 

Solution,  ^^i nee  the  radius,  or  distance  from  the  center  of  the 
shaft  to  the  center  of  the  crank-pin.  is  15',  the  diameter  of  the  circle  it 
moves  in  Is  15'  x  2  =  30'  =  3.5  ft.  The  circumference  of  this  circle  is 
8.5X8.1418  =  7.854  ft.  7,854x120=943.48  ft.  -  distance  that  the 
crank-pin  travels  in  one  minute  =  velocity  in  feet  per  minute.  Apply- 
ing the  rule,  18,849-8  +  842.48  =  20  minutes.     Ans, 

Example. — A  point  on  the  rim  of  an  engine  fly-wheel  travels  at  the 
rate  of  160  feet  per  second;  how  long  will  it  take  to  travel  45.000  feel? 

Solution.— Applying  the  rule, 

45,000  -t- 150  =  300  seconds  =  5  minutes.    Ads. 
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EXAMPLES    FOR    PRACTICB. 

1.     A  locomotive  has  drivers  60'  in  diameter.     If  they  make  808 

revolutions  per  minute,  what  is  the  velocity  of  the  train  in  (a)  feet  per 

second  ?  (i)  miles  per  hour  ?  ^^    J  (a)  103.277  ft.  per  sec 

i  (*)    OB.  784  mi.  per  hr. 

5.  Assuming  the  velocity  of  steam  as  it  enters  the  cylinder  to  be 
000  feet  per  second,  how  far  could  it  travel,  if  unobstructed,  during 
the  time  the  fly-wheel  of  an  engine  revolved  7  times,  if  the  number  of 
revolutions  per  minute  were  ISO  7  Ans.  S,150  ft. 

8.  The  average  speed  of  the  piston  of  an  engine  is  538  feet  per 
minute,  how  long  will  it  take  the  piston  te  travel  4  miles? 

Ans.  40  mia. 
4    -A  speed  of  40  miles  per  hour  equals  bow  many  feet  per  second  ? 

Ans.  68]  ft 

6.  The  earth  turns  around  once  in  34  hours.  If  the  diameter  be 
taken  as  8,000  miles,  what  is  the  velocity  of  a  point  on  the  earth 
in  miles  per  minute  ?  Ans.  17.45^  mi.  pwr  min. 

6.    The  stroke  of  an  engine  is  38  inches.    If  the  engine  makes  11,400 
strokes  per  hour,  (a)  what  is  its  speed  in  feet  per  minute  ?    (d)  How 
far  will  thia  piston  travel  in  11  minutes  ?        .       j  (a)  448^  ft.  per  min. 
t  {i)  4.876  ft  8  in. 


FORCE. 

469.  Force  is  that  which  produces,  or  tends  to  pro- 
duce or  destroy,  motion.  Forces  are  called  by  various 
names,  according  to  the  effects  which  they  produce  upon  a 
body,  as  attraction,  repulsion,  cohesion,  adhesion,  accelerating 
force,  retarding  ioTct,  resisting  force,  etc.,  bat  all  are  equiv- 
alent to  a  push  or  pull,  according  to  the  direction  in  which 
they  act  upon  a  body.  That  the  effect  of  a  force  upon  a 
body  may  be  compared  with  another  force,  it  is  necessary 
that  three  conditions  be  fulfilled  in  regard  to  both  bodies. 
They  are  as  follows: 

(1)  The  point  of  application,  or  point  at  which  the  force 
acts  upon  the  body,  must  be  known. 

(3)  The  direction  of  the  force,  or,  what  is  the  same  thing, 
the  straight  line  along  which  the  force  tends  to  move  t lie  point 
of  application,  must  be  known. 
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(S)  The  magnitude  or  value  of  the  force,  when  compared 
vnth  a  given  standard,  must  be  known. 

470.  The  unit  of  magnitude  of  forces  will  always  be 
taken  as  one  pound,  and  all  forces  will  be  spoken  of  as  a 
certain  number  of  pounds. 

In  practice,  force  is  always  regarded  as  a  pressure ;  that 
is,  a  force  may  always  be  replaced  by  an  equivalent 
weight.  Thus,  a  force  of  30  lb.  acting  upon  a  body  is  re- 
garded as  a  pressure  of  20  lb.  produced  by  a  weight  of  SO 
lb.  The  tendency  of  a  force  is  always  to  produce  motion 
in  the  direction  in  which  it  acts.  The  resistance  may 
be  too  great  for  it  to  cause  motion,  but  it  always  tends  to 
produce  it. 

471.  The  fundamental  principles  of  the  relations 
between  force  and  motion  were  first  stated  by  Sir  Isaac 
Newton.  Th^y  are  called  "Newton's  Three  Laws  of 
Motion,"  and  are  as  follows: 

(i)  All  bodies  continue  in  a  state  of  rest,  or  of  uniform 
motion  in  a  straight  line,  unless  acted  upon  by  some  external 
force  that  compels  a  change. 

{£)  Every  motion  or  change  of  motion  is  proportional  to 
the  acting  force,  and  takes  place  in  the  direction  of  the 
straight  line  along  which  the  force  acts. 

(5)  To  every  action  there  is  always  opposed  an  equal  and 
contrary  reaction. 

472*  In  the  first  law  of  motion  it  is  stated  that  a  body 
once  set  in  motion  by  any  force,  no  matter  how  small,  will 
move  forever  in  a  straight  line,  and  always  with  the 
same  velocity,  unless  acted  upon  by  some  other  force 
which  compels  a  change.  It  is  not  possible  to  actually 
verify  this  law,  on  account  of  the  earth's  attraction  for 
all  bodies,  but,  from  astronomical  observations,  we  are 
certain  that  the  law  is  true.  This  law  is  often  called  the 
law  of  inertia. 
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473.  The  word  Inertia  is  so  abused  that  a  full  under- 
standing of  its  meaning  is  necessary.  Inertia  is  not  a  force, 
although  it  is  often  so  called.  If  a  force  acts  upon  a  body 
and  puts  it  in  motion,  the  effect  of  the  force  is  stored  in  the 
body,  and  a  second  body,  in  stopping  the  first,  will  receive  a 
blow  equal  in  every  respect  to  the  original  force,  assuming 
that  there  has  been  no  resistance  of  any  kind  to  the  motion 
of  the  first  body. 

It  is  dangerous  for  a  person  to  jump  from  a  fast  moving 
train,  for  the  reason  that,  since  his  body  has  the' same  veloc- 
ity as  the  train,  it  has  the  same  force  stored  in  it  that  would 
cause  a  body  of  the  same  weight  to  take  the  same  velocity 
as  the  train,  and  the  effect  of  a  sudden  stoppage  is  the  same 
as  the  effect  of  a  blow  necessary  to  give  the  person  that 
velocity. 

By  "bracing"  himself  and  jumping  in  the  same  direction 
that  the  train  is  moving,  and  running,  he  brings  himself 
gradually  to  rest,  and  thus  reduces  the  danger.  If  a  body 
is  at  rest,  it  must  be  acted  upon  by  a  force  in  order  to  be  put 
in  motion,  and,  no  matter  how  great  the  force  may  be,  it 
can  not  be  instantly  put  in  motion. 

The  resistance  thus  offered  to  being  put  in  motion  is  com- 
monly, but  erroneously,  called  the  ^"^ Resistance  of  Inertia." 
It  should  be  called  the  Resistance  due  to  Inertia. 

474.  From  the  second  law,  we  see  that  if  two  or  more 
forces  act  upon  a  body,  their  final  effect  upon  the  body  will 
be  in  proportion  to  their  magnitudes,  and  to  the  directions 
in  which  they  act. 

Thus,  if  the  wind  be  blowing  due  West,  with  a  velocity  of 
60  miles  per  hour,  and  a  ball  be  thrown  due  North  with  the 
same  velocity,  or  50  miles  per  hour,  the  wind  will  carry  the 
ball  West  while  the  force  of  the  throw  is  carrying  it  North, 
and  the  combined  effect  will  be  to  cause  it  to  move 
Northwest. 

The  amount  of  departure  from  due  North  will  be  propor- 
tional to  the  force  of  the  wind,  and  independent  of  the 
velocity  due  to  the  force  of  the  throw. 
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475.  In  Fig.  63  a  ball  e  is  supported  in  a  cup,  the  bottom 
of  which  is  attached  to  the  lever  o  in  such  a  manner  that  o 
win  swing  the  bottom 
horizontally  and  allow 
the  ball  to  drop.  An- 
other ball  b  rests  in  a 
horizontal  groove  that 
is  provided  with  a  slit 
in  the  bottom.  A  swing- 
ing arm  is  actuated  by 
the  spring  d  in  such  a 
manner  that,  when 
drawn  back,  as  shown, 
and  then  released,  it  will 
strike  the  lever  o  and 
the  ball  b  at  the  same 
time.  This  gives  b  an 
a  impulse  in  a  horizontal 
*  direction,  and  swings  o 
so  as  to  allow  e  to  fall. 

On  trying  the  experi- 
ment, it  is  found  that  b 
follows  a  path  shown  by 
the  curved  dotted  line, 
and  reaches  the  floor  at 
the  same  instant  as  t, 
which  drops  vertically. 
This  shows  that  the 
force  which  gave  the 
first  ball  its  horizontal 
movement  had  no  effect 
on  the  vertical  force 
which  compelled  both 
balls  to  fall  to  the  floor;  the  vertical  force  producing  the  same 
effect  as  if  the  horizontal  force  had  not  acted.  The  second 
law  may  also  be  stated  as  follows:  A  force  has  the  same  effect 
in  producing  motion,  whether  it  acts  upon  a  body  at  rest  or  in 
^notion,  and  whether  it  acts  alone  or  with  other  forces. 
H.  M.    J.— 12 
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476.  The  third  law  states  that  action  and  reaction  are 
equal  and  opposite.  A  man  can  not  lift  himself  by  his  boot* 
straps,  for  the  reason  that  he  presses  downwards  with  the 
same  force  that  he  pulls  upwards;  the  downward  reaction 
equals  the  upward  action,  and  is  opposite  to  it. 

In  springing  from  a  boat  we  must  exercise  caution  or  the 
reaction  will  drive  the  boat  from  the  shore.  When  we  jump 
from  the  ground,  we  tend  to  push  the  earth  from  us,  while 
the  earth  reacts  and  pushes  us  from  it. 

Example. — Two  men  pull  on  a  rope  in  opftoslte  directions,  each  ex- 
erting a  force  of  100  pounds ;  what  is  the  force  which  the  rope  resists  ? 

Solution. — Imagine  the  rope  to  be  fastened  to  a  tree,  and  one  man 
to  pull  with  a  force  of  100  pounds.  The  rope  evidently  resists  100 
pounds.  According  to  Newton's  third  law,  the  reaction  of  the  tree 
is  also  100  pounds.  Now,  suppose  the  rope  to  be  slackened,  but  that 
one  end  is  still  fastened  to  the  tree,  and  the  second  man  to  take  hold 
of  the  rope  near  the  tree,  and  pull  with  a  force  of  100  pounds,  the  first 
man  pulling  as  before.  The  resistance  of  the  rope  is  100  pounds,  as 
before,  since  the  second  man  merely  takes  the  place  of  the  tree.  He 
ii  obliged  to  exiri  a  force  of  100  pounds  ta  keep  the  rope  from  slip- 
ping  through  his  fingers.  If  the  rope  be  passed  around  the  tree,  and 
each  man  pulls  an  end  with  a  force  of  100  pounds  in  the  same  and 
parallel  directions,  the  stress  in  the  rope  is  100  pounds,  as  before,  but 
the  tree  must  resist  the  pull  of  both  men,  or  200  pounds. 

477.  A  force  may  be  represented  by  a  line;  thus,  in 
Fig.  63,  let  A  be  th.^  point  of  application  of 

the  force;  let  the  length  of  the  line -4  B  ^  "  * 

represent  its  magnitude,  and  let  the  arrow-  fig.  63. 

head  indicate  the  direction  in  which  the  force  acts,  then  the 
line  A  B  fulfils  the  three  conditions  (see  Art.  469),  and  the 
force  is  fully  represented. 


CENTER  OF  GRAVITY. 

47S.  The  center  of  gravity  of  a  body  is  that  point  at 
which  the  body  may  be  balaiued,  or  it  is  the  point  at  which 
the  whole  weight  of  a  body  may  be  considered  as  concentrated. 

This  point  is  not  always  in  the  body;  in  the  case  of  a 
horseshoe  or  a  ring  it  lies  outside  of  the  substance  of,  but 
within  the  space  enclosed  by,  the  body. 
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In  a  moving  body,  the  line  descrit)ed  by  its  center  of 
gfravity  is  always  taken 
as  the  path  of  the  body. 
In  finding  the  distance 
that  a  body  has  moved,  t 
the  distance  that  the  ' 
center  of  gravity  has 
moved  is  taken. 

The  definition  of  the 
center  of  gravity  of  a  ^°-  •*■ 

body  may  be  applied  to  a  system  of  bodies  if  they  are 
considered  as  being  connected  at  their  centers  of  gravity. 

If  w  and  IV,  Fig.  64,  be  two  bodies  of  known  weight,  their 
center  of  gravity  will  be  at  C.  The  point  C  may  be  readily 
determined  as  follows: 

Rule  7S. — TA^  distance  of  the  common  center  of  gravity, 
from  the  center  of  gravity  of  the  large  weight,  is  equal  to  the 
weight  of  the  smaller  body  multiplied  by  the  distance  between 
ike  centers  of  gravity  of  the  two  bodies,  and  this  product 
divided  by  tlte  sum  of  the  weights  of  the  two  bodies. 

Example.— In  Pig.  S4,  iv  =  10  pounds,  W=  80  pounds,  and  the  dis- 
tance between  their  centers  of  gravity  is  86  Inches  where  is  the  center 
of  gravity  of  both  bodies  sit- 
tiated? 

Solution.— Applying  the 
rule,  10x86  =  860.  10  +  30= 
40.  860  -t-  40  =  »'  =  disUnce 
of  center  of  gravity  from  cen- 
ter of  large  weight. 

479.  It  is  now  very 
easy  to  extend  this  prin- 
ciple, to  find  the  center 
of  gravity  of  any  num- 
ber of  bodies  when  their 
weights  and  the  dis- 
tances apart  of  their  cen-  ^^  fio,  as. 
ters  of  gravity  are  known,  by  the  following  rule : 

Rule  76. — Find  the  center  of  gravity  of  two  of  the  bodies 
as  ]V,  and  W„  in  Fig.  65.      Assume  that  the  weight  of  both 
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bodies  is  coricentratedat  C„  and  find  Ike  center  ef  gravity  of 
this  combined  weight  at  C„  and  tke  weight  of  W^;  let  it  be 
at  C^  then  find  the  center  of  gravity  of  the  combined  weights 
of  W,,  W^,  W,  {concentrated  at  C,),  and  W,;  let  it  be  at 
C ;  then  C  will  be  the  center  of  gravity  of  the  four  bodies. 

480.  To  find  the  center  of  gravity  of  any  parallel- 
osratn : 

Rule  77. — Draw  the  two  diago- 
nals. Fig.  66,  and  their  point  of 
intersection  C  will  be  the  center  of 
gravity. 

481.  To  find  the  center  of  gravity  of  a  triangle,  as 
ABC,  Fig.  67  : 

Rule  78. — From  any  vertex, 
as  A,  draw  a  line  to  the  middle 
point  D  of  tfte  opposite  side  B  C. 
From  one  of  the  ether  vertexes, 
as  C,  draw  a  line  to  F,  the  mid- 
dle point  of  tke  opposite  side  AB;  "°'  "" 
tke  point  of  intersection  O  of  these  two  lines  is  the  center 
of  gravity. 

It  is  also  true  that  the  distance  D  0  =  ^  D  A,  and  that 
F  0  =  \  F  C,  and  the  center  of  gravity  could  have  been 
found  by  drawing  from  any  vertex  a  line  to  the  middle 
point  of  the  opposite  side,  and  measuring  back  from  that 
side  \  of  the  length  of  the  line. 

The  center  of  gravity  of  any  resular  plane  flEure  is 
the  same  as  the  center  of  the  inscribed  or  circumscribed 
circle. 

482.  To  find  the  center  of  gravity  of  any  Irrecular 
plane  figure,  but  of  uniform  thickness  throughout,  divide 
one  of  the  parallel  surfaces  into  triangles,  parallelograms, 
circles,  ellipses,  etc.,  according  to  the  shape  of  the  figure; 
find  the  area  and  center  of  gravity  of  each  part  sepa- 
rately, and  combine  the  centers  of  gravity  thus  found  in 
the  same  manner   as   in   rule  76}  in  this  case,  however, 
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dealing  with  the  area  of  each  part  instead  of  its  weight. 
See  Fig.  68. 


EXAMPLC— Suppose  that  the  two  balls  shown  m  Fig.  64  were  5*  aod 
10'  in  diameter,  and  weighed  10  lb.  and 80  lb.,  respectively.  If  the  dis- 
tance between  their  centers  were  40',  and  they  were  connected  by  a  steet 
rod  1'  in  diameter,  where  would  the  center  of  gravity  be,  taking  tiie 
weight  of  a  cubic  inch  of  steel  as  .283  lb.  ? 

Solution— The  length  of  the  rod  =  40  —  ^  —  .^  =  SS^'.  Its  volume 

is  1'  X  .7864  X  sat  =  20.68  cu.  in.    25.68  X  .388  =  7.23  lb.    The  rod 
being  straight,  its  center  of  gravity  is  in  the  middle  at  a  distance  of 


=  18i'  from  the  center  of  the  smaller  weight,  and  — 


10 


311'  from  the  center  ot  the  larger  weight.  Now,  considering  the  weight 
of  the  rod  to  be  concentrated  at  its  center  of  gravity,  we  have  three 
weights  of  10.  7.32,  and  60  lb.,  all  in  a  straight  line,  and  the  distances 
between  them  given  to  find  the  center  of  gravity,  or  balancing  point, 
of  the  combination,  by  rule  76.  We  will  first  find  the  center  of  gravity 
of  the  two  smaller  weights  by  rule  75,  as  follows:  7.32  X  18i  ^  135.88. 
10  +  7.23  =  17.29.  135.88  -t-  17.22  =  7.86'  ==  distance  from  the  center  of 
the  10-lb.  weight.  Considering  both  ot  the  smaller  weights  to  be  con- 
centrated at  this  point,  we  find  the  center  of  gravity  of  this  combined 
weight  and  the  large  weight  as  follows.  40  -  7.80  =  83.14'  =  disUnce 
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between  the  center  of  gravity  of  the  two  small  weights  and  the  center 
of  gravity  of  the  80-lb.  weight.  Applying  rule  7S|  17.23  x  89.14  = 
B53.45. 

IT.aa  +  80  =  97.83.    658.40  +  S7.33  =  B.698'  =  distance  from  the  center 
ot  the  80-lb.  weight.    Ans. 

483.    Center  of  Gravity  of  a  Solid. — In  a  body  free 
to  move,  the  center  of  gravity  will  lie  in  a  vertical  plumb 


line  drawn  through  the  point  of  support.  Therefore,  to 
find  the  position  of  the  center  of  gravity  of  an  irregular 
solid,  as  the  crank,  Fig.  69,  suspend  it  at  some  point,  as  S, 
so  that  it  will  move  freely.  Drop  a  plumb  line  from  the 
point  of  suspension,  and  mark  its  direction.  Suspend  the 
body  at  another  point,  as>4,  and  repeat  the  process.  The 
intersection  C  of  the  two  lines  will  be  directly  over  the 
center  of  gravity. 

Since  the  center  of  gravity  depends  wholly  upon  the  shape 
and  weight  of  a  body,  it  may  be  without  the  body,  as  in  the 
case  of  a  circular  ring  whose  center  of  gravity  is  the  same 
as  the  center  of  the  circumference  of  the  ring. 

EXAMPLES  FOR  PRACTICE. 

1.  A  spherical  shell  has  a  wrought-iron  handle  attached  to  it.  The 
shell  is  10'  in  diameter,  and  weighs  20  lb.  The  handle  is  1|'  in  diameter, 
and  the  distance  from  the  center  of  the  shell  to  the  end  of  the  handle 
is  4  ft  Where  is  the  center  of  gravity  ?  Take  the  weight  of  a  cubic 
inch  of  wrought  iron  as  .278  lb.  Ana.  1S.612'  from  center  of  sbelL 
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S.    The  distance  between  the  centers  of  two  bodies  is  SI*.     The 

treigbUof  thebodiesbeing30and731b.,  where  is  the  center  of  gravity? 

Ans.  10.988'  from  the  center  of  large  weight. 

8.  A  hollow  engine  piston  weighs  275  lb.,  and  is  3i"  thick.  Assum- 
ing the  piston  rod  to  be  straight  throughout  its  entire  length,  and  to 
weigh  140  lb.,  at  what  point  will  the  piston  and  rod  balance  if  the 
length  of  the  rod  is  78'  from  the  face  of  .the  piston  ?  Consider  the 
weight  of  the  piston  to  be  concentrated  at  its  center. 

Ans.  11.15*.  nearly,  from  face  of  piston. 

4  Weights  of  6,  9,  and  13  Jb.  lie  in  one  straight  line  in  the  order 
named.  Distance  from  the  5-lb.  weight  to  the  9-lb.  weight  is  22',  and 
from  the  9-lb.  weight  to  the  IS-lb.  weight  is  16'.  Where  is  the  center 
of  gravity  ?  Ans.  13.933'  from  12-lb.  weight 

SIMPLE    MACHINES. 

484.  A  lever  is  a  bar  capable  of  being  turned  about  a 
pivot,  or  point,  as  in  Figs.  70,  71,  and  72. 


r_x 


a         a 


PlO.  10.  PlO.  71.  FlO.  7S. 

The  object  ^  to  be  lifted  is  called  the  welgtit ;  the 
force  employed  P  is  called  the  power]  and  the  point,  or 
pivot,  F  is  called  the  fulcrum. 

485.  That  part  of  the  lever  between  the  fulcrum  and 
the  weight,  or  F  b,  is  called  the  welffbt  arm,  and  the  part 
between  the  fulcrum  and  the  power,  or  F  c,  is  called  the 
power  arm. 

In  order  that  the  lever  shall  be  in  equilibrium  (balance), 
the  power  multiplied  by-  the  power  arm  must  equal  the  weight 
multiplied  by  the  weight  arm;  that  is,  PxF c  must  equal 
WxFb, 

486.  If  /■  be  taken  as  the  center  of  a  circle,  and  arcs  be 
described  through  b  and  c,  it  will  be  seen  that  if  the  weight 
arm  be  moved  through  a  certain  angle,  the  power  arm  will 
move  through  the  same  angle.  Since,  in  the  same  or  equal 
angles,  the  lengths  of  the  arcs  are  proportional  to  the  radii 


.dbyGoogle 


166  MECHANICS. 

with  which  they  were  described,  it  is  seen  that  the  power 
arm  is  proportional  to  the  distance  through  which  the 
power  moves,  and  the  weight  arm  is  proportional  to  the 
distance  through  which  the  weight  moves. 

Hence,  instead  of  writing  Py.F c=  W  X  J^ 6,  we  might 
have  written  it  Px  distance  through  which  P  moves  = 
IV  X  distance  through  which  W  moves.  This  is  the  general 
law  of  all  machines,  and  can  be  applied  to  any  mechanism 
from  the  simple  lever  up  to  the  most  complicated  arrange- 
ment.    Stated  in  the  form  of  a  rule,  it  is  as  follows: 

Rule  79. —  The  po-wer  multiplied  by  the  distance  through 
■which  it  moves  equals  the  weight  multiplied  by  the  distance 
through  which  it  moves. 

487.  In  the  above  rule,  it  will  be  noticed  that  there  are 
four  requirements  necessary  for  a  complete  knowledge  of 
the  lever,  viz, :  the  power  (or  force),  the  weight,  the  power 
arm  (or  distance  through  which  the  power  moves),  and  the 
weight  arm  (or  distance  through  which  the  weight  moves). 
If  any  three  are  given,  the  fourth  may  be  found  by  letting 
X  represent  the  requirement  which  is  to  be  found,  and  mul- 
tiplying the  power  by  the  power  arm  and  the  weight  by  the 
weight  arm  ;  then,  dividing  the  product  of  the  two  known 
numbers  by  the  number  by  which  x  is  multiplied  ;  the 
result  will  be  the  requirement  which  was  to  be  found. 

ExAUPLE. — If  the  weight  arm  of  a.  lever  is  6  in.  long,  and  the  power 
arm  is  4  ft.  long,  how  great  a  weight  can  be  raised  by  a  force  of  80  lb. 
at  the  end  of  the  power  arm  ? 

Solution.— In  this  example,  the  weight  is  unknown;  hence,  repre- 
senting it  by  X,  we  have,  after  reducing  the  4  ft.  to  inches,  80  X  48  = 
B60  =  power  multiplied  by  the  power  a.rm,  and  j-  x  0  =  weight  multi- 
plied by  the  weight  arm.  Dividing  the  960  by  6,  the  result  is  160  lb., 
the  weight.    Ans. 

488.  If  the  distance  through  which  the  power  or  weight 
moved  had  been  given  instead  of  the  power  arm  or  weight 
arm,  and  it  were  required  to  find  the  power  or  weight,  the 
process  would  have  been  exactly  the  same,  using  the  given 
distance  instead  of  the  power  arm  or  weight  arm. 
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Example. — If.  in  the  above  example,  the  weight  had  moved  3}*, 
how  far  would  the  power  have  moved  ? 

Solution.— In  this  eiample,  the  distance  through  which  the  power 
moves  is  required.  Let  j- represent  the  distance.  Then.  20  x  -f  =  dis- 
tance multiplied  by  power,  and  3J  X  160  =  400  =  distance  multiplied  by 

the  weight.     Hence,  x  =  -^  =20  in.  =  distance  through  which  the 
[tower  arm  moves. 

The  ratio  between  the  weights  and  the  power  is  160  -i-  20  ^  8.  The 
ratio  between  the  distance  through  which  the  weight  moves  and  the 
distance  through  which  the  power  moves  is  S^  -i-  20  =  J.  This  shows 
that  while  a  force  of  1  lb.  can  raise  a  weight  of  8  lb.,  the  1-lb.  weight 
must  move  through  8  times  the  distance  that  the  8-lb.  weight  does.  It 
will  also  be  noticed  that  the  ratio  of  the  lengths  of  the  two  arms  of  the 
lever  is  also  8,  since  48  -i-  6  =  8. 

489.  The  law  which  governs  the  straight  lever  also 
governs  the  bent  lever,  but  care  must  be  taken  to  determine 
the  true  lengths  of  the  lever  arms,  which  are  in  every  case 
the  perpendicular  distances  from  the  fulcrum  to  the  line  of 
direction  of  the  weight  or  power. 


Thus,  in  Figs.  73, 74,  75,  and  70,  Fc  in  each  c, 
the  power  arm,  and  F  b  the  weight  arm. 

490>     A  compound  lever  is  a  series  of  single  levers 
arranged  in  such  a  manner  that  when  a  power  is  applied  to 
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the  first  it  is  communicated  to  the  second,  and  from  that  to 
the  third,  and  so  on. 

Fig.  77  shows  a  compound  lever.     It  will  be  seen  that 
when  a  power  is  applied  to  the  first  lever  at  P  it  will  be 

*l  f  ^  W 


communicated  to  the  second  lever  at  P,  from  this  to  the 
third  lever  at  P,  and  thus  raise  the  weight  W. 

The  weight  which  the  power  of  the  first  lever  could  raise 
acts  as  the  power  of  the  second,  and  the  weight  which  this 
could  raise  through  the  second  lever  acts  as  the  power  of 
the  third  lever,  and  so  on,  no  matter  how  many  single  levers 
make  up  the  compound  lever. 

In  this  case,  as  in  every  other,  the  power  multiplied  by 
the  distance  through  which  it  moves  equals  the  weight 
multiplied  by  the  distance  through  which  it  moves. 

Hence,  if  we  move  the  /"end  of  the  lever,  say  4  inches, 
and  the  end  carrying  the  weight  If  moves  \  of  an  inch,  we 
know  that  the  ratio  between /'and  Wis  the  same  as  the 
ratio  between  \  and  4;  that  is,  1  to  20,  and,  hence,  that 
10  pounds  at  P  would  balance  200  pounds  at  W,  without 
measuring  the  lengths  of  the  different  lever  arms.  If  the 
lengths  of  the  lever  arms  are  known,  the  ratio  between 
/'and  W  may  be  readily  obtained  from  the  following  rule: 

Rule  80. —  The  continued  product  of  the  power  and  each 
power  arm  equals  the  continued  product  of  the  weight  and 
each  -weight  arm. 

Example.— If,  in  Fig.  77,  P  F=  24  inches,  18  inches,  and  30  inches, 
respectively,  and  W  F=  6  inches,  Q  inches,  and  18  inches,  respectively, 
how  great  a  force  at  P  would  it  require  to  raise  1,000  pounds  at  W1. 
What  is  the  ratio  between  Wand  /"? 

Solution.— Let  x  represent  the  power;  then,  jrx84xl8x80  = 
12,960  jr  =  continued  product  of  the  power  and  each  power  arm.    l,000x 
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S  X  6  X  IB  =  648,000  =  continued  product  of  the  weight  and  each  weight 
arm,  and,  since  13.960^=  648,000. 

M8.000      .-,.         ..  , 

■^  =  12,&aO  =  ^  ">■  =  ^^^  power.    Ans. 

1,000-*- 50=  20  =  ratio  between  Wand  P. 

491.     The  vrheel  and  axle  consists  of  Iwo  cjy/iaders  of 

different    diameters,  rigidly  connected,  so   that   they   turn 

together  about  a  common  axis,  as  in  Fig.  78.      Then,  as 


before,  P  X  distance  through  which  it  moves  =  W  x  dis- 
tance through  which  it  moves;  and,  since  these  distances 
are  proportional  to  the  radii  of  the  power  cylinder  and 
weight  cylinder,  PxFc=:WxFb. 

It  is  not  necessary  that  an  entire  wheel  be  used;  an  arm, 
projection,  radius,  or  anything  which  the  power  causes  to 
revolve  in  a  circle,  may  be  con- 
sidered as  the  wheel.  Conse- 
quently, if  it  is  desired  to  hoist 
a  weight  with  a  windlass,  Fig. 
79,  the  power  is  applied  to  the 
handle  of  the  crank,  and  the  dis- 
tance between  the  center  line  of 
the  crank  handle  and   the   axis  fic.  ra. 

of  the  drum  corresponds  to  the  radius  of  the  wheel. 

Example.— If  the  distance  between  the  center  line  of  the  handle  and 
the  axis  of  the  drum,  in  Pig.  79,  is  18  Inches  and  the  diameter  of  the 
drum  is  S  inches,  what  force  will  be  required  at  P  to  raise  a  load  of  300 
pounds? 

Solution.—^  X  (18  x  2)  =  300  x  6,  or  /■  =  50.    Ana. 


.dbyGoogle 


170  MECHANICS. 

EXAMPLES  FOR   PRACTICE. 

1.  The  lever  of  a  safety  valve  is  of  the  form  shown  in  Fig.  70,  where 
the  force  is  applied  at  a  point  between  the  fulcrum  and  the  weight 
lifted.  If  the  distance  from  the  fulcrum  to  the  valve  is  5j',  and  from 
the  fulcrum  to  the  weight  is  42',  what  total  force  is  necessary  to  raise 
the  valve,  the  weight  being  78  lb.,  and  the  weight  of  valve  and  lever 
being  neglected  ?  Ans.  585.64  lb. 

2.  If.inFig.  77, /'i^=10',  12',  14",  and  16' respectively,  and  fVF=: 
2',  8',  4",  and  5",  respectively,  (a)  how  great  a  weight  can  a  force  of  20  lb. 
raise?  (i)  What  is  the  ratio  between  ^Faad /> 7  (c)  It  f  moves  i', 
how  far  will  if  move  ?  (  (a)  4,480  lb. 

Ans.  ]  (6)  224 

8.  A  windlass  is  used  to  hoist  a  weight.  If  the  diameter  of  the  drum 
on  which  the  rope  winds  is  4',  and  the  distance  from  the  center  of  the 
handle  to  the  axis  of  the  drum  is  14',  how  great  a  weight  can  a  force  of 
82  lb.  applied  to  the  handle  raise  7  Ans.  324  lb. 


PULLEYS. 

492.     Pulleys  for  the  transmission  of  power  by  belts 

may  be  divided   into   two   principal  classes:     1.  The  solid 

pulley  shown  in  Fig.  80,  in  which  the  hub,  arms,  and  rim  are 


one  entire  casting.     2.  The  split  pulley  shown  in  Fig.  81, 
which  is  cast  in  halves. 
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The  latter  style  of  pulley  is  more  readily  placed  upon  and 
removed  from  the  shaft  than  the  solid  pulley.  Pulleys  are 
generally  cast  in  halves  or  parts  when  they  are  more  than 
six  feet  in  diameter;  this  is  done  on  account  of  shrinkage 
strain  in  large  pulley  castings,  which  renders  them  liable  to 
crack  as  a  result  of  unequal  cooling  of  the  metal. 

493>  Cro^nrnlDK. — In  Fig.  8%  is  shown  a  section  of  the 
rim  of  a  pulley  that  has  crowning,  or,  in  other  words,  whose 
diameter  is  larger  at  the  center  of  the  ,„,g^ 
face  than  at  its  edges.  This  is  done  to 
prevent  the  belt  from  running  off  the 
pulley.  The  amount  of  crowning 
g^ven  to  pulleys  varies  from  ^  to  }  an 
inch  per  foot  of  width  of  the  pulley  face.  •*'<•■  *■■ 

494.  Balanced  Pulleys. — All  pulleys  which  rotate 
at  high  speeds  should  be  balanced.  If  they  are  not,  the 
centrifugal  force  which  is  generated  by  the  pulley's  rotation 
is  greater  on  one  side  than  on  the  other,  and  it  will  cause 
the  pulley  shaft  to  vibrate  and  shake.  Pulleys  should  run 
true,  so  that  the  strain,  or  tension,  of  the  belt  is  equal  at  all 
parts  of  the  revolution,  thus  making  the  transmitting  power 
equal.  The  smoother  the  surface  of  a  pulley,  the  greater 
is  its  driving  power. 

The  transmitting  power  of  a  pulley  can  be  increased  by 
covering  the  face  of  the  pulley  with  a  leather  or  rubber 
band ;  this  increases  the  driving  power  about  one-quarter. 

495.  The  pulley  that  imparts  motion  to  the  belt  is  called 
the  driver;  that  which  receives  the  motion  is  called  the 
driven. 

The  revolutions  of  any  two  pulleys  over  which  a  belt  is 
run  vary  in  an  inverse  proportion  to  their  diameters;  con- 
sequently, if  a  pulley  of  20  inches  in  diameter  is  driven  by 
one  of  10  inches  in  diameter,  the  20-inch  pulley  will  make 
one  revolution  while  the  10-inch  pulley  makes  two  revolu- 
tions, or  they  are  in  the  ratio  of  2  to  1.  From  this  the 
following  formulas  have  been  deduced : 
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t  Z>  =  diameter  of  the  driver ; 
d=  diameter  of  the  driven; 
N=  number  of  revolutions  of  the  driver; 
n  =  number  of  revolutions  of  the  driven. 

»re  frequently  abbrevl- 

496.  To  find  the  diameter  of  the  driving  pulley  vhen  the 
diameter  of  the  driven  pulley  and  the  number  of  revolutions 
per  minute  of  each  is  given: 

Rule  81. —  TAe  diatruter  of  the  driving  pulley  equals 
the  product  of  the  diameter  and  number  of  revolutions 
of  the  driven  pulley  divided  by  the  number  of  revoiU' 
tions  of  the  driving  pulley. 

That  is,  D  =  -^. 

Example. — The  driving  pulley  makes  100  revolutions  per  minute, 
the  driven  pulley  makes  75  revolutions  pet  minute,  and  is  18  inches 
in  diameter ;  what  is  the  diameter  of  the  driving  pulley  ? 

Solution— Formula,  D  =  ^j-. 

SubstituUng,  we  have  £>  =  —^^—  =  18*  <"-    Ans. 

497.  The  diameter  and  number  of  revolutions  per 
minute  of  the  driving  pulley  being  given,  to  find  the  diam- 
eter of  the  driven  pulley,  which  must  make  a  given  number 
of  revolutions  per  minute : 

Rule  82. —  The  diameter  of  the  driven  pulley  equals 
the  product  of  the  diameter  and  number  of  revolutions 
of  the  driving  pulley  divided  by  the  number  of  revolu- 
tions of  the  driven  pulley. 

That  IS,  d  = . 

Example. — The  diameter  of  the  driver  is  13^  inches,  and  makes 
100  revolutions  per  minute;  what  must  be  the  diameter  of  the  driven 
to  make  75  revolutions  per  minute  ? 

Solution. — Formula,  d= ■, 

Substituting,  we  have  ^  =    — „ =  18  la.    An*. 
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49S.  To  find  the  number  of  revolutions  per  minute  of  the 
driven  pulley,  its  diameter  and  the  diameter  and  number  of 
revolutions  per  minute  of  the  driving  pulley  being  given: 

Rule  83. —  Tke  number  of  revolutions  of  the  driven  pulley 
iquals  the  product  of  tke  diameter  and  the  number  of  revolu- 
tions of  the  driver  divided  by  the  diameter  of  the  driven  pulley. 

That  IS,  «  =  — J-. 

a 

Example. — The  driver  is  13^  inches  in  diameter,  and  makes 
100  revolutions  per  minute;  how  many  revolutions  will  the  driven 
nuke  in  one  minute,  if  it  is  18  inches  in  diameter  ? 

SOLITTION.— Formula,  n  =  —j-. 

Substituting,  we  have  n  =  ^^^^^  =  75  R.  P.  M.    Ana. 

499.  To  find  the  number  of  revolutions  per  minute  of 
the  driving  pulley,  its  diameter  and  the  diameter  and  num- 
ber of  revolutions  per  minute  of  the  driven  pulley  being 
given: 

Rule  84. — Tlie  number  of  revolutions  of  the  driving 
pulley  equals  the  product  of  the  diameter  and  number  of 
revolutions  of  the  driven  pulley  divided  by  the  diameter 
of  the  driving  pulley. 

That  is,  N=  ^. 

Example. — The  driven  pulley  is  18  inches  in  diameter,  and  makes 
7S  revolutions  per  minute ;  how  many  revolutions  will  the  driver  make 
In  one  minute,  if  it  is  13}  inches  in  diameter  7 

Solution.— Formula,  N  —  —^. 

Substituting,  we  have  N=  — j^r^  =  100  R.  P.  M.    Ana. 

500.  Wheel^vork. — A  combination  of  wheels  and 
axles,  as  in  Fig.  83,  is  called  a  train.  The  wheel  in  a  train, 
to  which  motion  is  imparted  from  a  wheel  on  another  shaft 
by  such  means  as  a  belt  or  gearing,  is  called  the  driven 
Tvheel  or  follower ;  the  wheel  which  imparts  the  motion 
is  called  the  driver. 

501.  It  will  be  seen  that  the  wheel  and  axle  bears  the 
same  relation  to  the  train  that  the  simple  lever  does  to 


.dbyGoogle 


174  MECHANICS. 

the  compound  lever.     Letting  D^,  Z?„  i?„  etc.,  represent 


the  diameters  of  the  driven  wheels,  and  </„  */„  rf„  etc.,  the 
diameters  of  the  different  drivers,  we  have  the  following: 

Rule  85. —  The  continued  product  of  the  power  and  the 
radii  of  the  driven  wheels  equals  the  continued  product  of  the 
weight,  the  radius  of  the  drum  that  moves  tlie  weight,  and 
the  radii  of  the  drivers. 

That  is,  Px  D,y.  D,X  D„  etc.,=  tf  X  <  X  rf,  X  d„  etc. 

EXAHPLR.—If  the  radius  of  the  pulley  ^  is  20  inches;  of  C,  15 
inches,  and  of  E,  24  inches,  and  the  radius  of  the  drum  /;  is  4  inches; 
of  the  pinion  D,  5  Inches,  and  of  the  pinion  B,  4  inches,  how  great  a 
weight  will  a.  force  of  1  pound  at  P  raise  ? 

Solution— Formula.  Px  UiX  D,xl}x=  WxdiXdtXd^ 
Substituting,  we  have  1x20x15x84=  WxlxBx+iOr 

7,200 


W= 


=  90  lb.    Aoa. 
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Hence,  also,  if  W  were  raised  1  inch,  P  would  fall 
90  inches,  or  P  would  have  to  move  through  90  inches  to 
raise  H^  through  1  inch. 

502.  It  is  now  clear  that  another  great  law  has  made 
itself  manifest,  and  that  is  that  whenever  then  is  a  gain  in 
power  without  a  corresponding  increase  in  the  initial  force, 
there  is  a  loss  in  speed ;  this  is  true  of  any  machine. 

In  the  last  example  if  P  were  to  move  the  entire  90  inches 
in  one  second,  W  would  move  only  1  inch  in  one  second. 

Instead  of  using  the  diameter  or  radius  of  a  gear,  the 
numt>er  of  teeth  may  be  used  when  computing  the  weight 
which  can  be  raised,  or  the  velocity,  as  in  the  last  example. 

Example. —The  radius  of  the  pulley  A,  Fig.  83,  is  40',  and  that  of 
Fvi  la*.  The  nuiBber  of  teeth  in  .ff  is  9;  in  C.  37;  in  D.  13,  and  in  E. 
Se.  It  the  weight  to  be  lifted  is  1.800  lb.,  how  great  a  force  at  P  Is  it 
necessary  to  apply  to  the  belt  ? 

Solution.— Let  /"represent  the  force  (power);  then,  by  the  rule. 
85,  /'X40X27X38  =  1,800  X  W  X  »  X  13.  or  Px  38.880  =  3.883,800. 
Hence,  P  =     og  gon     =  *)  lb.  =  force  necessary  to  apply  to  the  belt 

GEAR-WHEELS. 

503.  A  wheel  that  is  provided  with  teeth  to  mesh  with 
similar     teeth     upon     another 

wheel  is  called  a  gear-wheel, 
or  gear.  In  Fig.  84  is  shown 
a  spur  gear.  On  spur  gears 
the  teeth  are  always  parallel  to 
the  axis  of  the  wheel  or  to  its 
shaft. 

504.  In  Fig.  85  is  shown  a 
pair  of  bevel  sears  in  mesh, 
of  which  one  is  smaller  than  the 
other. 

505.  When  both  are  of  the 
same  diameter  they  are  called 

FIO.M. 

miter  sears. 

In  Fig.  86  is  shown  a  pair  of  miter  gears  in  mesh.     It  is 
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obvious  that  the  angle  which  the  teeth  of  these  gears  make 
with  the  axis  of  the  shaft  must  be  45°. 

'^' '   _-T_  -r  — -  wheels  (either  spur  or 
Terent     diameters,    the 

7  is  shown  a  revolving 
screw,  or  worm,  as  it  is 
called,  in  gear ;  it  is  used 
to  transmit  motion  from 
one  shaft  to  another  at 
right  angles  to  it. 
As  the  worm  is  noth- 
Fio.  85.  i^Z  ^'^^  than  a  screw, 

each  revolution  given  to  the  worm  will  rotate  the  worm- 
wheel  a  distance  equal  to  its  pitch ,  consequently,  if  then 


PI0.8S. 


are  40  teeth  in  the  worm-wheel,  a  single-threaded  worm  will 
have  to  make  40  revolutions  in  order  to  turn  the  wheel  once. 
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507.  In  Fig.  88  is  shown  a  section  of  a  rack  and  pinion, 
both  having  epicycloidal  teeth.  The  arc  C  C  represents 
part  of  the  pitch  circle ;  it  is  on  the  pitch  circle  that  all 
the  teeth  are  laid  out.  The  diameter  of  a  gear  or  worm- 
wheel  is  always  taken  as  the  diameter  of  this  circle,  unless 
otherwise  specially  stated  as  "diameter  over  all,"  or 
" diameter  at  the  root,"  etc.  ^ 

The  pitch  of  the  teeth  of 
the  gear-wheel  is  the  distance 
from  the  edge  of  one  tooth  to 
the  corresponding  edge  of  the 
following  tooth  measured  on 
the  pitch  circle;  it  is  marked 
pitch  in  the  figure. 

The  length  of  the  tooth  of  a 
gear-wheel  is  .7  of  its  pitch,  .4 
of  it,  called  the  root,  being  be- 
low or  within  the  pitch  circle, 
and  .3  of  it,  called  the  ad- 
deDdumt  being  above  or  with- 
out the  pitch  circle.  Thus,  if 
the  pitch  of  the  teeth  of  a  gear-  ^^-  ^■ 

wheel   is  2  inches,  the  length  of  a  tooth  below  the  pitch 
circle  is  Zx  ■i=  •&  of  an  inch;  and  its  length  above  the 


pitch   circle   is  3  X  .3  =  .6  of  an   inch.     Consequently,  we 
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have  only  to  multiply  the  pitch  by  A  to  obtain  the  length  of 
the  teeth  below  the  pitch  circle,  and  by  .3  to  obtain  the 
length  of  the  teeth  above  the  pitch  circle.  The  thicknessof 
the  teeth  of  a  cast  gear-wheel  equals  .48  x  P,  that  is,  .48 
of  the  pitch ;  therefore,  the  thickness  of  the  above  teeth  is 
.48  X  2,  or  .96  of  an  inch. 

A  rack  may  be  considered  as  a  gear-wheel  rolled  out  so  as 
to  make  the  pitch  circle  a  straight  line,  as  C  C.  The  teeth 
of  racks  are  proportioned  by  the  same  rules  as  those  of 
gear-wheels. 

508.  For  the  purpose  of  calculating  the  pitch-diameter, 
number  of  teeth,  etc.,  of  the  gear-wheels,  we  have  the 
following  rules: 

Let  P=  pitch; 

7"=  number  of  teeth; 

/?=  pitch  diameter  of  the  wheel. 

To  find  the  pitch  diameter  of  a  gear-wheel  in  inches,  when 
the  pitch  and  number  of  teeth  are  given : 

Rule  86. — Tke  pitch  diameter  equals  the  product  of  the 
pitch  and  number  of  teeth  divided  by  S.  I4I6. 
PT 

Example.— What  is  the  diameter  of  the  pitch  circle  of  n  gear-whed 
which  has  75  teeth,  and  whose  pitch  is  1.67G  inches? 

Solution. — Formula,        J=  . 

ax7B 

3.1416 


Substituting,  we  have  D  =     "  "  ,  -      =  40  in.    Ans. 


To  find  the  number  of  teeth  in  a  gear-wheel  when  the 
diameter  and  pitch  are  given: 

Hulc  87. — The  number  of  teeth  equals  tke  product  of 
S.  1^6  and  the  diameter  divided  by  tke  pitch. 

That  is.  r=iiii^. 


BxAKPLE.— The  diameter  of  a  gear-wheel  is  40  inches,  and  the  [dtcfa 
of  the  teeth  is  1.675  inches;  how  many  teeth  are  there  la  the  wheel  ? 
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Solution.— Formula,        T=  — -p ■ 

Substituting,  we  have   7"=  ?^^^|^-^  =  75  teeth.    Aoa. 

To  find  the  pitch  of  a  gear-wheel  when  the  diameter  and 
the  number  of  teeth  are  given. 

Rule  88. — The  pitch  of  the  teeth  equals  the  product  of 
S.  1^.16  and  the  diameter  divided  by  the  number  of  teeth. 

That  IS,  P  = Y ■ 

ExAUPLB. — The  diameter  of  a  gear-wheel  la  40  Inches,  and  it  has  7S 
teeth ;  what  is  the  pitch  of  the  teeth  7 

auisz) 


Solution. — Formula, 


8.1«flx40 


Substituting,  we  have  P  =    -"^^•^-™  =  1.675  in.  pitch.    Ana. 

509.  The  forms  of  teeth  used  in  ordinary  practice  are 
the  epicycloidal  and  involute. 

Pig.  88  shows  the  epicycloidal  form,  which  is  composed  of 
two  different  curves,  the  curve  from  the  pitch  circle  to  the 
top  of  the  tooth  being  an  epicycloid,  and  that  from  the  pitch 
circle  to  the  bottom  of  the  tooth  being  a  hypocycloid. 

In  gear-wheels  where  this  form  of  tooth  is  employed, 
their  pitch  circles  must  run  tangent  to  one  another. 

610.    In  Fig,  69  is  shown  the  involute  form  of  t^th,  or 


teeth  having  but  one  curve.     The  outlines  of  the  teeth 
shown  in  the  rack  are  formed  of  straight  lines. 
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Involute  teeth  have  two  great  advantages  over  epicycloidal 
teeth:  1.  They  are  stronger  for  the  same  pitch,  as  they 
are  thicker  at  the  root,  3,  They  may  be  spread  apart  so 
that  their  pitch  circles  do  not  run  tangent  to  one  another 
without  practically  affecting  the  perfect  action  of  the 
teeth. 

fill.  To  calculate  the  number  of  teeth  or  speed  of  one 
of  two  gear-wheels  which  are  to  gear  together: 

Let  N  =  number  of  revolutions  per  minute  of  the  driver; 
H  =  number  of  revolutions  per  minute  of  the  driven; 
T  =  number  of  teeth  in  the  driver; 
t  =  number  of  teeth  in  the  driven. 

Rule  89. — The  number  of  teeth  in  the  driver  equals  the 
product  of  the  number  of  teeth  andnumber  of  revolutions  of 
the  driven  divided  by  the  number  of  revolutions  of  the  driver. 


ExAUPLE.— The  driven  has  ST  teeth,  and  will  make  06  revolutiona 
per  minute;  if  the  driver  makes  89  revolutions  per  minute,  how  many 
teeth  are  there  in  the  driver  ? 

Solution.— Formula,  7"=  -tt- 

N 

Substituting,  we  have  T=      ^      =  18  teeth.    Ana. 

The  number  of  revolutions  per  minute  of  the  driver  and 
driven  and  the  number  of  teeth  in  the  driver  being  given, 
to  find  the  number  of  teeth  in  the  driven : 

Rule  AO. —  The  number  of  teeth  in  the  driven  equals  the 

product  of  the  number  of  teeth  and  revolutions  per   minute 

of  the  driver    divided   by  tlie  number  of  revolutions  per 

minute  of  the  driven. 

TN 
That  is,  /  =  =-^. 

ExAHPLB. — The  driver  has  18  teeth,  and  makea  99  revolutions  per 
minute,  and  the  driven  must  make  08  revolutions  per  minute;  ho« 
many  teeth  must  there  be  in  the  driven  7 
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SoLUTiOK. — Formula,  /  = . 

Substituting,  we  have  /  =  — gg —  =  27  teeth.    Ana. 

The  number  of  teeth  in  the  driver  and  driven  and  the 
number  of  revolutions  per  minute  of  the  driver  being  given, 
to  find  the  number  of  revolutions  per  minute  of  the  driven: 

Rule  01. — The  number  of  revolutions  per  minute  of  the 
driven  equals  the  product  of  the  number  of  teeth  and  number  of 
revolutions  of  the  driver  divided  by  the  number  of  teeth  of  the 
driven. 

Example.— There  are  18  teeth  in  the  driver,  and  it  makes  99  revo> 
lutions  per  minute;  how  many  revolutiona  per  minute  will  the  driven 
mabelf  itbasST  teeth? 

TN 

'    t  ' 

SubsUtuling.wehave«=i^^^  =  66R.P.M.    Ana. 

The  number  of  teeth  in  the  driver  and  driven  and  the 
number  of  revolutions  per  minute  of  the  driven  being  given, 
to  find  the  number  of  revolutions  per  minute  of  the  driver: 

Rul«  92. —  The  number  of  revolutions  of  the  driver  equals 
the  product  of  the  number  of  teeth  and  revolutions  of  the 
driven  divided  by  the  number  of  teeth  of  the  driver. 

That  is,  N=i*-^. 

Example.— If  there  are  27  teeth  in  the  driven,  and  if  it  nukes  66 
revolutions  per  minute,  how  many  revolutions  per  minute  will  the 
driver  make  if  it  has  18  teeth  ? 

Solution.— Formula,        Nsz  -^. 
SubBtituting.wehaveA^=~^=«»R.P.M.    Ans. 

Example.- In  Fig.  00,  the  crank-shaft  makes  60  revolutions  per 
minute;  the  governor  pulley  is  4"  in  diameter,  tiie  bevel  gear  on  the 
governor  pulley  shaft  has  19  teeth;  the  bevel  gear  which  meshes  with 
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it  and  drives  the  governor  has  80  teeth.  The  governor  is  to  m&lce  99 
revolutions  per  minute;  what  should  be  tfaie  size  of  the  pulley  on  the 
crank-stiaf  1 7 


Solution.— First  determine  the  namber  of  revolutions  of  the  4' 
pulley  in  order  that  the  governor  shall  turn  95  times  per  minute. 
Applying  rule  92,  N=-=  =  — r^ —  =  150  revolutions  of  gear  on 
pulley  shaft  =  revolutions  of  governor  pulley.  Now,  applying  rule 
81,  the  diameter  of  the  pulley  on  the  crank-shaft  = -^  =  — ^ —  = 
10'.    Ana. 

ExAvpLE.— In  Fig.  90,  the  fly-wheel  is  8  feet  in  diameter  and  drives 
a  S-foot  pulley  on  the  main  shaft  A  14'  pulley  on  the  main  shaft 
drives  a  16'  pulley  on  the  countershaft  A  13'  pulley  on  the  counter- 
shaft drives  a  12'  pulley  on  a  shaft  on  which  is  a  pinion  that  meshea 
into  a  large  gear  attached  to  the  face  plate  of  a  large  lathe,  and  which 
has  108  teeth.  How  many  teeth  must  the  pinion  have  in  order  that 
the  face  plate  may  make  9^  revolutions  per  minute  ? 

Solution. — Applying  rule  83,  to  find  the  revolutions  per  minute 
of  the  main  shaft,  — ^g —  =96  R.  P.  M.  Applying  the  same  rule  again 
to  find  the  revolutions  of  the  countershaft,  — ^ —  =  84  R,  P.  M. 
Applying  it  once  more  to  find  revolutions  of  the  pulley  which  turns 
the  small  gear,  ii^l*=84  R.  P.  M.  Applying  rule  8»,  ^^^^=  13 
teeth  in  pinion  or  driver.    Am. 
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BXAMPLBS  FOR  PRACTIce. 

i.  The  driving  pulley  makes  110  R.  P.  M.  and  ia  21'  in  diameter; 
what  should  be  the  size  of  the  driven  in  order  to  make  SSS  R.  P.  M.  7 

Ans.  6*. 

a.  The  main  shaft  of  a  cerUin  shop  makes  120  R.  P.  M.  It  Is 
desired  to  have  the  countershaft  make  150  R.  P.  M.  There  are  on 
hand  pulleys  of  16',  24',  28',  35',  and  38'  in  diameter.  Can  two  of  these 
be  used,  or  must  a  new  pulley  be  ordered  ? 

Ans.  Use  the  2S'  and  85'  pulleys. 

8.  The  pinion  {driver)  makes  174  R,  P.  M.,  and  follower  makes  24 
R.  P.  M. ;  how  many  teeth  must  the  pinion  have  if  the  follower  has 
87  teeth  ?  Ans.   12  teeth. 

4  If  an  engine  fly-wheel  is  66'  in  diameter,  and  makes  160  R.  P.  M., 
what  must  be  the  diameter  of  the  pulley  on  the  main  shaft  to  make 
128  R.  P.  M.?  Ana.   ea*'. 


0.  How  many  teeth  are  there  in  a  gear  whose  pitch  is  .7364',  and 
which  is  S8'  in  diameter  ?  Ans.  62  teeth. 

7.  What  is  the  pitch  of  a  gear  whose  diameter  is  S0.873',  and  which 
has  128  teeth  ?  Ana.  f. 

8.  In  a  train  of  gears  the  drivers  have  16,  30,  34,  and  18  teeth, 
respectively;  the  followers  have  12.  24.  3d.  and  40  teeth,  respectively. 
If  the  first  driver  makes  80  R.  P.  M.,  how  many  R,  P.  M.  will  the  last 
follower  make  ?  Ans.  40  R.  P.  H. 


FIXED    AND    MOVABLE    PULLEYS. 

612.  Pulleysare  also  used  for  hoisting  or  raising  loads,  in 
which  case  the  frame  which  supports  the  axle 
of  the  pulley  is  called  the  block. 

613.  Aflxcd  pulley  is  one  whose' block 
is  not  movable,  as  in  Fig.  91.  In  this  case  if 
the  weight  W  be  lifted  by  pulling  down  P,  the 
other  end  of  the  cord  iV  will  evidently  move 
the  same  distance  upwards  that  P  moves 
downwards;  hence,  P  must  equal  iV. 

614.  A  movable  pulley  is  one   whose 
block  is  movable,  as  in  Fig.  92.  One  end  of  the         "°    ^'- 
cord  is  fastened  to  the  beam,  and  the  weight  is  suspended 
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from  the  pulley,  the  other  end  of  the  cord  beingf  drawn 
up  by  the  application  of  a  force  P.  A  little  con- 
sideration will  show  that  if  P  moves  through  a  certain 
distance,  say  1  foot,  W  will  move  through  half  that  dis- 
tance, or  6  inches;  hence,  a  pull  of  one  pound  at  P  Till 
lift  2  pounds  at  W. 

The  same  would  also  be  true  if  the  free  end  of  the 
cord  were  passed  over  a 
fixed  pulley,  as  in  Fig.  93, 
in  which  case  the  fixed 
pulley  merely  changes  the 
direction  in  which  P  acts, 
so  that  a  weight  of  1 
pound  hung  on  the  free 
end  of  the  cord  will  bal- 
ance %  pounds  hung  from 
the  movable  pulley. 

PiO'  ^  Pio  »  61 5.    A      comblna. 

tloaof  pullers,  asshown  in  Fig.  94,  is  sometimes  used.  In 
this  case  there  are  three  movable  and  three  fixed  pulleys,  and 
the  amount  of  movement  of  W,  owing  to  a 
certain  movement  of  /*,  is  readily  found. 

It  will  be  noticed  that  there  are  six 
parts  of  the  rope,  not  counting  the  free 
end ;  hence,  if  the  movable  block  be  lifted 
1  foot,  P  remaining  in  the  same  position, 
there  will  be  1  foot  of  slack  in  each  of  the 
six  parts  of  the  rope,  or  six  feet  in  all. 
Therefore,  P  would  have  to  move  6  feet 
in  order  to  take  up  this  slack,  or  P  moves 
6  times  as  far  as  W.  Hence,  1  pound  at  P 
will  support  6  pounds  at  W,  since  the 
power  multiplied  by  the  distance  through 
which  it  moves  equals  the  weight  multiplied 
by  the  distance  through  which  it  moves. 
It  will  also  be  noticed  that  there  are 
three  movable  pulleys,  and  that  3  X  12  =  6. 
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616.     Lavv  of  Combination  of  Pulleys : 

Rule  »3. — In  any  combination  of  pulleys  wkere  one  con- 
tinuous  rope  is  used,  a  load  on  the  free  end  will  balance  a 
weight  on  the  movable  block  as  many  times  as  great  as  itself 
as  there  are  parts  of  the  rope  supporting  the  load,  not  counting 
the  free  end. 

The  above  law  is  good,  whether  the  pulleys  are  side  by 
side,  as  in  the  ordinary  block  and  tackle,  or  whether  they 
are  arranged  as  in  the  figure. 

Example. — In  a  block  and  tackle  having  five  movable  pullejrs,  how 
great  a  force  must  be  applied  to  the  free  end  of  the  rope  to  raise  1,SD0 
pounds  ? 

Solution. — Since  there  are  five  movable  pulleys,  there  must  be 
10  parts  of  the  rope  to  support  them.  Hence,  according  to  the  above 
law,  a  force  applied  to  the  free  end  will  support  a  load  10  times  as  great 
as  itself,  or  the  force  =  ^^  =  125  lb.     Ans. 


10 


THE    INCLINED   PLANE. 

517.     An   Inclined    plane   is  a  slope,  or  a  flat  surface, 
making  an  angle   with 
a  horizontal  line. 

Three  cases  may  arise 
in  practice  with  the  in- 
cHned  plane : 

1.  Where  the  power 
acts  parallel  to  the 
plane,  as  in  Fig.  95.  Pio.  k. 

2.  Where   the    power   acts  parallel  to   the  base,  as  in 
Fig.  96. 

3.  Where  the  power 
acts  at  an  angle  to  the 
plane  or  to  the  base,  as 
in  Fig.  97. 

•\  SI 8.     In     Fig.  95 

VP   the    relation    existing 

-*      between  the  power  and 

the   weight    is    easilj 


w 

\  ^ 

O 

)^ 

% 

c°. 

^ 
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The  weight  ascends  a  distance  equal  to  cb,  or  the 
height  of  the  inclined 
plane,  while  the  power 
descends  through  a 
distance  equal  to  a  S, 
or  the  length  of  the 
inclined  plane.  There- 
fore, 

Rule    04 TAe 

power  multiplied  by 
the  length  of  the  in- 
clined plane  equals  the 
weight  multiplied  by  the  height  of  the  inclined  plane;  or, 
letting 

length  of  plane  =  /; 

base  of  plane  =  *; 

height  of  plane  =  h ; 

we  have 


Wh 


and  W= 


PI 


ExAVPLB.— The  length  of    an    inclined  plane  Is  40  feet,  and  Its 
height  is6  feet ;  what  force /■  will  sustain  a  weight  ff  of  1001b.? 

Wh     100  X  a 


SOLUTIOK— i*  = 


=^^=mib. 


Ans. 


ExAHPLK.— The  length  of  an  inclined  plane  la  8  feet,  and  Its  height 
b  15  inches;  what  weight  will  120  lb.  support  ? 
f  /  _  180  X  »e  _ 
~"T~       IB      ~ 


Solution.— »'=  — 


81b.    Ana. 


In  Fig.  96  the  power  is  supposed  to  act  parallel  to  the 
base  for  any  position  of  W;  therefore,  while  W  is  moving 
from  the  level  a  f  to  ^,  or  through  the  height  c  i  of  the 
inclined  plane,  P  will  move  through  a  distance  equal  to  the 
length  of  the  base  a  c.  Hence,  when  the  power  acts  parallel 
to  the  base,  we  have 

Rule  05. — The  power  multiplied  by  the  base  of  the  inclintd 
plane  equals  the  weight  multiplied  by  the  height  of  the  plant. 


Wh 


Pb 


whence,  /"=  — r—  and  W=  -r-. 
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ExAHpLB.— With  a  base  SO  feet  long,  and  a  height  of  <  feet,  what 
power  will  sustain  a  weight  of  76  lb.7 

Solution.— />  =  ^^-^  =  15  lb.    Ans. 

ExAUPLB.— A  force  of  13  lb.  sustains  a  weight  on  a  plane  whose 
base  is  6  ft.  long,  and  height  18  inches.     Find  the  weight. 


18X8 
1* 


Solution.- W=-i=JY^  =  48  lb.    Ans. 


For  Fig.  97  no  rule  can  be  given.  The  ratio  of  the  power 
to  the  weight  must  be  determined  by  trigonometry  for  every 
position  of  W;  for,  as  W  shifts  its  position,  the  angle  that 
its  cord  makes  with  the  face  of  the  plane  varies,  and  the 
magnitude  of  the  force  P  depends  on  this  angle ;  the  smaller 
the  angle  the  less  is  P  required  to  be  to  support  a  given 
weight  on  a  given  plane. 

S19.  The  wedge  is  a  movable  inclined  plane,  and  is 
used  for  moving  a  great 
weight  a  short  distance. 
A  common  method  of 
moving  a  heavy  body  is 
shown  in  Fig.  98. 

Simultaneous  blows  of 
equal  force  are  struck  on 
the  heads  of  the  wedges, 
thus    raising    the   weight  no.  sa. 

W,    The  laws  for  wedges  are  the  same  as  for  Case  3  of  the 
inclined  plane. 


THE  SCREW. 
520.  A  screw  is  a  cylinder  with  a  helical  projection 
winding  around  its  circumference.  This  helix  is  called  the 
thread  of  the  screw.  The  distance  that  a  point  on 
the  helix  is  drawn  back  or  advanced  in  the  direction 
of  the  length  of  the  screw  during  one  turn,  is  called  the 
pitck  of  the  screw. 
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The  screw  in  Fig.  99  is  turned  in  a  nut  a,  by  means  of  a 
force  applied  at  the 
end  of  the  handle  P. 
For  one  complete 
revolution  of  the 
handle,  the  screw 
will  be  advanced 
■lengthwise,  an 
amount  equal  to  the 
pitch.  If  the  nut  be 
lixed,  and  a  weight 
be  placed  upon  the 
end  of  the  screw,  as 
shown,  it  will  be 
a  distance  equal  to 
le  revolution  of  the 
this  revolution,  the 
move  through  a  dis- 
the  circumference 
i  P  F.  Therefore, 
bread  =  P  X  c 


,  to  find  the  weight 

Fig.  w.  ^^^  ^  given  force  will  lift,  we  have 

Rule  96. — Multiply  the  force  by  its  distance  from   the 
axis,  or  center  of  screw,  and  by  6.2832;  divide  this  product 
by  the  pitch,  and  the  quotient  will  be  the  weight  required; 
or  j^/^^X  6.2832  xr 

P 

''*""""•  ^=6.233?xr- 

Example. — It  Is  desired  to  raise  a  weight  by  means  ot  a  screw 
having  5  threads  per  inch.  The  force  is  40  pounds,  and  is  applied  at  a 
distance  of  14  inches  from  the  center  o£  the  screw  (^Z*,  in  Fig.  W);  how 
great  a  weight  can  be  raised  ? 

Solution.— Applying  the  formula, 

»'  =  ^^^^^^^^^^^  =  175931b.,  verynearly.     An* 
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BXAUPLE.— The  weight  to  be  lifted  la  4,000  pounds;  the  pitch  of 
the  screw  is  J  (that  is,  there  are  4  threads  per  inch).  The  force  is 
applied  at  a  distance  of  12  inches  from  the  center  of  screw;  how  great 
must  it  be  ? 

Solution. — Applying  the  formula. 


.   4.000  xt 


;  rather  more  than  13J  lb.,  nearly.    Ana. 


2X13- 

622.  Single-threaded  screws  of  less  than  1  inch  pitch 
arc  generally  classified  by  the  number  of  threads  they  have 
in  1  inch  of  their  length.  In  such  cases  one  inch  divided  by 
the  number  of  threads  equals  the  pitch;  thus,  the  pitch  of  a 
screw  that  has  8  threads  per  inch  is^;  one  of  32  threads ' 
per  inch  is  jij,  etc, 

523.  Velocity  Ratio.— The  ratio  of  the  distance 
through  which  the  power  moves  to  the  corresponding  dis- 
tance through  which  the  weight  moves  is  called  the 
velocity  ratio. 

Thus,  if  the  power  move  through  12  inches  while  the 
weight  moves  through  1  inch,  the  velocity  ratio  is  12  to  1,  or 
13;  that  is,  /'moves  12  times  as  fast  as  W. 

If  the  velocity  ratio  be  known,  the  weight  which  any 
machine  will  raise  can  be  found  by  multiplying  the  power 
by  the  velocity  ratio.  If  the  velocity  ratio  is  8.7  to  1,  or 
8.7,  W^^.I-kP,  since  W y.  l=PxS.7. 

NOTB. — In  all  of  the  preceding  cases,  including  the  last,  the  effect 
of  friction  has  been  neglected. 


FKICTION. 

524.  Friction  is  the  resistance  that  a  body  meets 
with  from  the  surface  on  which  it  moves. 

526.  The  ratio  between  the  resistance  to  the  motion 
of  a  body  due  to  friction  and  the  perpendicular  pressure 
between  the  surfaces  is  called  the  coefficient  of  friction. 

If  a  weight  W,  as  in  Fig,  100,  rests  upon  a  horizontal 
plane,  and  has  a  cord  fastened  to  it  passing  over  a  pulley 
a,  from  which  a  weight  P  is  suspended,  then,  if  P  is  just 

p 
sufficient  to  start    W,  the   ratio  of  /*  to   ^,  or  77^,  is  the 


:,CoogIe 


190  MECHANICS. 

coefficient  cf  friction  between  If  and  the  surface  upon  which 
it  slides. 
The  weight  Wis  the  perpendicular  pressure,  and  Pis  the 


force  necessary  to  overcome  the  resistance  to  the  motion  of 
W,  due  to  friction, 
if  W=  100  pounds  and  P=  10  pounds,  the  coefficient  of 
p         y\ 
friction  for  this  particular  case  would  be  -77?=  tt--  =  .1. 

526.  Laws  of  Friction : 

1.  Friction  is  directly  proportional  to  the  perpendicular 
pressure  between  tlte  two  surfaces  in  contact. 

2.  Friction  is  independent  of  the  extent  of  the  surfaces  in 
contact  when  the  total  perpendicular  pressure  remains  the 
same. 

3.  Friction  increases  with  the  roughness  of  the  surfaces. 

4.  Friction  is  greater  between  surfaces  of  the  same 
material  than  between  those  of  different  materials. 

6.     Friction  is  greatest  at  the  beginning  of  motion. 

6.  Friction  is  greater  between  soft  bodies  than  between 
hard  ones. 

7.  Rolling  friction  is  less  than  sliding  friction. 

8.  Friction  is  diminished  by  polishing  or  lubricating  the 
surfaces. 

527.  I-aw  1  shows  why  the  friction  is  so  much  greater 
on  journals  after  they  begin  to  heat  than  before.  The  heat 
causes  the  journal  to  expand,  thus  increasing  the  pressure 
between  the  journal  and  its  bearing,  and,  consequently, 
increasing  the  friction. 
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Law  3  states  that,  no  matter  how  small  the  surface  may 
be  which  presses  against  another,  if  the  perpendicular  pres- 
sure is  the  same  the  friction  will  be  the  same.  Therefore,  large 
surfaces  are  used  where  possible,  not  to  reduce  the  friction, 
but  to  reduce  the  wear  and  diminish  the  liability  of  heating. 

528.  For  instance,  if  the  perpendicular  pressure  be- 
tween a  journal  and  its  bearing  is  10,000  pounds,  and  the 
coefficient  of  friction  is  .2,  the  amount  of  friction  is 
10,000  X  .2  =  2,000  pounds. 

Suppose  that  one-half  the  area  of  the  surface  of  the 
journal  is  80  square  inches,  then,  the  amount  of  friction  for 
each  square  inch  of  bearing  is  2,000  -^  80  =  35  pounds. 

If  half  the  area  of  the  surface  had  been  160  square  inches, 
the  friction  would  have  been  the  same,  that  is,  2,000  pounds; 
but  the  friction  per  square  inch  would  have  been  2,000 
-i- 160=  12^  pounds,  just  one-half  as  much  as  before,  and  the 
wear  and  liability  to  heat  would  be  one-half  as  great  also. 

TABLE   OF  COEFFICIENTS  OP  FRICTION. 

TABLE  le. 


Description  of  Surfaces 
In  Contact 

of  Fibers. 

State  of  the 
Surfaces. 

Coefficient 

of 
Fnctioo. 

Parallel 
Parallel 
Parallel 
Parallel 
Parallel 
Parallel 

Dry 
Soaped 

Dry 
Soaped 

Dry 
Soaped 
Slightly 
Unctuous 
Slightly 
Unctuous 
Slightly 
Unctuous 

Wrought  iron  on  oak 

Wrought  iron  on  oak 

Cast  iron  on  oak 

.62 
.21 
.49 

Wrought  iron  on  cast  iron. . 

Wrought  iron  on  bronze 

Cast  iron  on  cast  iron 

.18 
.18 
.15      _ 
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529>  The  power  which  is  required  to  raise  a  weight,  or 
overcome  an  equal  resistance  in  any  machine,  is  thus  always 
greatfT  than  this  weight  or  resistance  dii  idcd  by  the  velocity 
ratio  of  the  machine. 

Thus,  if  there  were  no  friction,  a  machine  whose  velocity 
ratio  was  5  would,  by  an  application  of  100  pounds  of  force, 
raise  a  weight  of  fiOO  pounds. 

Now,  suppose  that  the  friction  in  the  machine  is  equiva- 
lent to  10  pounds  of  force;  then,  it  would  take  110  pounds 
of  force  to  raise  500  pounds. 

If,  in  the  above  illustration,  friction  were  neglected,  110 
pounds  X  5  =  650  pounds,  or  the  weight  that  110  pounds 
would  raise ;  but,  owing  to  the  frictional  resistance,  it  only 
raised   500  pounds.      Therefore,   we    have    for   the    ratio 

**^  -  .91.     That  is,  600  :  650::. 91 :  1. 

530.  Efficiency. — This  ratio  between  the  weight  ac* 
tually  raised  and  the  power  multiplied  by  the  velocity  ratio, 
is  called  the  efficiency  of  the  mactalne. 

For  example,  if  the  weight  actually  raised  by  a  machine, 
say  a  screw,  is  1,600  pounds,  and  the  power  multiplied  by 
the  velocity  ratio  is  3,400  pounds,  the  eflSciency  of  this 
machine  is 

1,6( 
3,400  ' 

EzAiiPLB.— In  a  machine  having  a  combination  of  pulleys  and 
gears,  the  velocity  ratio  of  the  whole  is  9.7S.  A  force  of  250  pounds 
just  lifts  a  weight  of  1,626  pounds.  What  is  the  efficiency  of  the 
machine  ? 

Solution.— Efficiency  =  .^'^l-j-^  =  -8671.  or  M-'W-    Aos. 

Since  the  total  amount  of  friction  varies  with  the  load,  it 
follows  that  the  efficiency  will  also  vary  for  different  loads. 

531.  If  the  efficiency  of  a  machine  is  known,  the  force 
actually  required  to  raise  a  given  load  may  be  found  by 
dividing  the  load  by  the  product  of  the  velocity  ratio  of  the 

'  machine  and  the  efficiency.     Thus,  if  a  certain  machine  has 


^=.66i,  or66|)(. 
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a  velocity  ratio  of  1ft  6,  and  its  efficiency  is  60^,  the  force 
wliich  must  actually  be  applied  to  raise  a  load  of  840  pounds 
is  840 -i-  10.6  X  .60  =  840-7-6.36=  132.1  pounds,  nearly.  If 
there  had  been  no  losses  through  friction,  etc.,  (he  force 
required  would  have  been  840  ~-  10.6  =  79.26  pounds,  nearly. 
If  the  efficiency  is  known,  the  weight  which  a  certain  force 
will  raise  may  be  found  by  multiplying  together  the  force, 
velocity  ratio,  and  the  efficiency.  Thus,  if  a  certain  machine 
has  a  velocity  ratio  of  6^-,  and  an  efficiency  of  7S%,  a-  force  of 
140  pounds  will  raise  a  weight  of  140  X  6^  X  .78  =  709.8 
pounds. 

632>  When  finding  the  force  necessary  to  overcome  the 
friction,  the  perpendicular  pressure  on  the  surface  considered 
must  always  be  taken.  In  order  to  find  (approximately) 
the  maximum  force  that  is  required  to  overcome  the  friction 
between  cross-head  and  guides,  we  have 

Rule  97. — Multiply  the  total  piston  pressure  by  the 
length  of  crank  and  by  the  coefficient  of  friction  and  divide 
by  the  length  of  main  rod; 

or,  letting    P=  total  piston  pressure; 
I  =  length  of  main  rod; 
r  =  length  of  crank; 

c  =  coefficient  of   friction  between  cross- 
head  and  guides; 
F=:  force      required     to     overcome     this 
friction. 

Pre 
we  have  F  =  —j—. 

ExAMPLB. — An  engine  whose  piston  is  16'  in  diameter  carries  a 
steam  pressure  of  80  lb.  per  sq.  in.  If  the  crank  is  12"  long,  and  the 
connecting-rod  is  06'  long,  what  is  the  perpendicular  pressure  on  the 
guides  ?  The  coefficient  of  friction  for  this  case  being  12*.  what  force 
will  be  required  to  overcome  the  friction  ? 

Solution.  —  Pressure  on  piston  =  16*  x  .7864  X  80  =  16,086  lb. 
'^'"^^  ^^  =  2,934-65  lb.  =  perpendicular  pressure.  Ans.  488465  X 
.13  =  850.96  lb.  =  force  required  to  overcome  the  friction.    Ana. 
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EXAMPLES  FOR  PRACTICE. 

1.  How  great  a  force  must  be  applied  to  the  free  end  of  the  rope  of 
a  block  and  tackle  which  has  four  movable  pulleys,  to  raise  a  weight 
of  746  lb.  ?  Ans.  B31  lb. 

2.  An  inclined  plane  is  80  ft.  long  and  7  ft.  high;  what  force  is 
required  to  roll  a  barrel  of  flour  weighing  19fl  lb.  up  the  plane,  friction 
being  neglected  ?  Ans.  4S.7Jlb. 

8.  The  distance  from  the  axis  of  a  screw  to  the  point  on  the  handle 
where  the  force  is  applied  is  13'.  The  screw  has  8  threads  per  inch. 
What  force  is  necessary  to  raise  a  weight  of  1,248  lb.  ? 

Ans.   207  lb.,  nearly. 
4.    In  example  8,  what  should  be  the  length  of  the  handle  to  raise  a 
weight  of  5,400  lb.  by  the  application  of  a  force  of  20  lb.? 

Ans.  6.871',  nearly. 
8.    What  is  the  velocity  ratio  (a)  in  example  3  ?  (i)  In  example  4  ? 

■*"*■  }  (6)  270. 
6.  An  engine  pisttHi  is  24'  in  diameter.  If  the  steam  pressure  is 
98  lb.  per  sq.  in. ;  the  length  of  the  connecting-rod,  8  ft  4' ;  the  length 
of  crank,  20',  and  coefficient  of  friction.  14i,  what  is  {a)  the  greatest 
perpendicular  pressure  on  the  guides  ?  (S)  The  force  required  to  over- 
come the  friction  ?  .„„  (  (a)  8,41446  lb. 
^^  i  (6)  1.1781b. 

CENTKIPUGAL  FORCE. 
633<  If  a  body  be  fastened  to  a  string  and  whirled,  so 
as  to  give  it  a  circular  motion,  there  will  be  a  pull  on  the 
string  which  will  be  greater  or  less,  according  as  the  velocity 
increases  or  decreases.  The  cause  of  this  pull  on  the  string 
will  now  be  explained. 

Suppose  that  the  body  is  revolved  horizontally,  so  that  the 
action  of  gravity  upon  it  will  always  be 
the  same.  According  to  the  first  law  of 
motion,  a  body  put  in  motion  tends  to 
move  in  a  straight  line,  unless  acted  upon 
by  some  other  force,  causing  a  change  in 
the  direction.  When  the  body  moves  in 
a  circle,  the  force  that  causes  it  to  move 
in  a  circle  instead  of  a  straight  line  is  exactly  equal  to  the 
tension  of  the  string.     If  the  string  were  cut,  the  pulling 
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force  that  drev  it  away  from  the  straight  line  would  be 
removed,  and  the  body  would  then  "  fly  off  at  a  tangent; " 
that  is,  it  would  move  in  a  straight  line  tangent  to  the 
circle,  as  shown  in  Fig.  101. 

Since,  according  to  the  third  law  of  motion,  every  action 
has  an  equal  and  opposite  reaction,  we  call  that  force  which 
acts  as  an  equal  and  opposite  force  to  the  pull  of  the  string 
the  centrlfusal  force,  and  it  acts  away  from  the  center 
of  motion. 

634.  The  other  force,  or  tension,  of  the  string  is  called 
the  centripetal  force,  and  it  acts  towards  the  center  of 
motion.  It  is  evident  that  these  two  forces,  acting  in  oppo- 
site directions,  tend  to  pull  the  string  apart,  and,  if  the 
velocity  be  increased  sufficiently,  the  string  will  break.  It 
is  also  evident  that  no  body  can  revolve  without  generating 
centrifugal  force. 

S3S.  The  value  of  the  centrifugal  force,  expressed  in 
pounds,  of  any  revolving  body  is  calculated  by  the  following 
rule: 

Rule  98. — T/u  centrifugal  force  equals  the  continued 
product  of  .00034,  the  weight  of  the  body  in  pounds,  the 
radius  in  feet  {taken  as  the  distance  between  the  center  of 
gravity  of  the  body  and  the  center  about  which  it  revolves), 
and  the  square  of  the  number  of  revolutions  per  minute. 

Let  F  =  centrifugal  force  in  pounds; 

W=  weight  of  revolving  body  in  pounds; 

/i  =  radius  in  feet  of  circle  described  by  center  of 

gravity  of  revolving  body; 
^=  revolutions  per  minute  of  revolving  body;  then 
F=.OOOZi:   WRN!. 

636>  In  calculating  the  centrifugal  force  of  fly-wheels, 
it  is  the  usual  practice  to  consider  the  rim  of  the  wheel  only, 
and  not  take  the  arms  and  hub  of  the  wheel  into  account. 
In  this  case  R  would  be  taken  as  the  distance  between  the 
center  of  the  rim  and  the  center  of  the  shaft. 
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ExAUPLK. — What  would  be  the  centrifugal  force  developed  by  a 
cast-iron  fly-wheel,  whose  outside  diameter  was  10  feet,  width  of  face 
30  inches,  and  thickness  of  rim  6  Inches,  turning  at  the  rate  of  80 
revolutions  per  minute?  Take  the  weight  of  a  cubic  inch  of  cast 
iron  as  .361  lb. 

Solution.— First  calculate  the  weight  of  the  rim.  The  diameter 
of  the  dm  =  10  X  1^  =  1^0  inches;  the  diameter  of  the  circle  midway 
between  the  inside  and  outside  diameters  of  the  rim  =  120  —  6  = 
114  inches.  The  number  of  cubic  inches  in  the  rim  =  114  X  8.1416  X  80  X 
6  =  43,gT7  cubic  inches.    42.977  X  -261  =  11.217  pounds  =  weight. 

Radius  =  ~  ■*■!%  =  41  feel.     R.  P.  M.  =  80. 

Hence,  by  rule  98,  centrifugal  force  =  .00084  x  11,217  X  *t  X  80*  = 
115,989  pounds.    Ans. 


SPECIFIC    GRAVITY. 
637.     The  BpeGlflc  gravity  of  a  body  is  the  ratio  bt- 
tween  its  weight  and  the  weight  of  a  like  volume  of  water. 

fi3S>  Since  gases  are  so  much  lighter  than  water,  it  is 
usual  to  take  the  specific  gravity  of  a  gas  as  the  ratio  be- 
tween the  weight  of  a  certain  volume  of  the  gas  and  the 
weight  of  the  same  volume  of  air. 

EXAKPLE.~A  cubic  foot  of  cast  iron  weighs  450  pounds ;  what  is  its 
specific  gravity,  a  cubic  foot  of  water  weighing  62.5  pounds? 


639.  The  specific  gravities  of  different  bodies  arc  given 
in  printed  tables;  hence,  if  it  is  desired  to  know  the  weight 
of  a  body  that  can  not  be  conveniently  weighed,  calculate 
its  cubical  contents.  Multiply  the  specific  gravity  of  the 
body  by  the  weight  of  a  like  volume  of  water,  remembering 
Chat  a  cubic  foot  of  water  weighs  6S.5 pounds. 

ExAMPLB.— How  much  will  8.214  cubic  inches  of  cast  iron  weigh  i 
Take  its  specific  gravity  as  7.21. 

Solution.— Since  1  cubic  foot  of  water  weighs  68.6  pounds,  8,214 
cubic  inches  weigh 

|i^X  82.5  =  116.25  pounds. 
1X6.35X7.21=  838.16  pounds.    Ana. 
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ExAMPLB.— What  is  the  weight  of  a  cubic  inch  of  cast  Iron  ? 
Solution.—    j-^^  x  7-21  =  .2806  pound,    Ans. 


making  calculations  is  62^  pounds. 

BxAMPLB. — What  is  the  weight  in  pounds  of  7  cubic  feet  of  oxygen  ? 

Solution. — One  cubic  foot  of  air  weighs  .06073  lb.,  and  the  specific 
gravity  of  oxygen  is  1.1066  compared  with  air;  hence, 

.08073  X  1.1056  X  7  =  .62479  pound,  nearly. 


BXAMPLBS  FOB  I 

1.  Ttie  balls  of  a  steam-eagiae  governor  each  weigh  6  pounds.  If 
tbej  revolve  in  a  circle  whose  diameter  is  14'  at  the  rate  of  BO  revolu* 
tiona  per  minute,  wltat  is  tiie  centrifugal  force  of  each  ball  ? 

Ans.  O.S471b.,  nearly. 

2.  The  rim  of  a  cast-iron  engine  fly-wheel  has  an  ontside  diameter 
of  IS  feet.  If  the  rim  is  8'  thick  and  13'  wide,  and  the  fly-wheel  makes 
40  R.  P.  M. ,  what  is  the  centrifugal  force  of  the  rim  7     Ans.  63,766  lb. 

8.  If  a  cubic  foot  of  a  certain  alloy  weighs  678  pounds,  what  is  its 
specific  gravity  7  Ans.   10.848. 

4.  What  is  the  weight  of  (a)  12.4  cubic  Inches  of  lead  7  («)  of  steel  7 
(c)  of  aluminum  1  i  <a)  B.0M4  lb. 

Ans-  \  (i)  8.5216  lb. 
(  (r)  1.1161b. 

5.  The  specific  gravity  of  an  alloy  of  lead  and  zinc  is  8.20;  what  ia 
the  weight  of  a  cubic  foot  ?  Ans.  S16.2S  lb. 

WORK. 

540.  Worlds  the  overcoming  of  resistance  continually 
occurring  along  the  path  of  motion. 

Mere  motion  is  not  work,  but  if  a  body  in  motion  con- 
stantly overcomes  a  resistance,  it  does  work. 

541*  The  measure  of  ^vork  is  one  pound  raised  ver- 
tically one  foot,  and  is  called  one  foot-pound.  All  work 
is  measured  by  this  standard.  A  horse  going  up  hill  does 
an  amount  of  work  equal  to  his  own  weight  plus  the  weight 
of  the  wagon  and  contents  plus  the  frictional  resistances 
reduced  to  an  equivalent  weight  multiplied  by  the  vertical 
height  of  the  hill.  Thus,  if  the  horse  weighs  1,200  pounds, 
the  wagon  and  contents  1,200  pounds,  and  the  frictional 
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resistances  equal  400  pounds,  then,  if  the  vertical  height  of 
the  hill  is  100  feet,  the  work  done  is  equal  to  (1,200  +  1,200 
-J-  400)  X  100  =  280,000  foot-pounds. 

Rule  99. — In  all  cases  the  force  {or  resistance)  multiplied 
by  the  distance  through  which  it  acts  equals  the  work.  If  a 
weight  be  raised,  the  weight  multiplied  by  the  vertical  height 
of  the  lift  equals  the  work. 

642^  The  total  amount  of  work  is  independent  of  time, 
whether  it  takes  one  minute  or  one  year  in  which  to  do  it; 
but  in  order  to  compare  the  work  done  by  different  machines 
with  a  common  standard,  time  must  be  considered.  If  one 
machine  does  a  certain  amount  of  work  in  10  minutes,  and 
another  machine  does  exactly  the  same  amount  of  work  in 
5  minutes,  the  second  machine  can  do  twice  as  much  work 
as  the  first  in  the  same  time. 

643*  The  common  standard  to  which  all  work  is  reduced 
is  the  liors«power. 

One  horsepower  is  33,000  foot-pounds  per  minute;  in 
other  words,  it  is  33,000  pounds  raised  vertically  one  foot  in 
one  minute,  or  1  pound  raised  vertically  33,000  feet  in  one 
minute,  or  any  combination  that  will,  when  multiplied  together, 
give  SS, 000  foot-pounds  in  one  minute. 

644<  Thus,  the  work  done  in  raising  110  pounds  verti- 
cally 6  feet  in  one  second  is  a  horsepower;  for,  since  in  one 
minute  there  are  60  seconds,  110  X  5  X  60  =  33,000  foot- 
pounds in  one  minute. 

Example. — If  the  coefficient  of  friction  la  ,8,  how  many  horsepower 
will  it  require  to  draw  a  load  of  10,000  pounds  on  a  level  surface,  a  dis- 
tance of  one  mile  in  one  hour  ? 

Solution.— 1<^ 000  X  .8  =  3;000pounds  =  the  force  necessary  to  over- 
come the  resistance  (resistance  of  the  air  is  neglected).  One  mile  = 
5.280  feet;  one  hour  =  60  minutes.  Therefore,  ^^  =  88  feel  per 
minute. 

Work  done  =  force  multiplied  by  the  space  =  8,000  X  88  =  264,000 
foot-pounds  per  minute. 

„  264,000     „.  . 

Horsepower  =  =  8  horsepower.    Ana. 

The  abbreviation  for  horsepower  is  H.  P. 
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546.  Energy  is  a  term  used  to  express  the  ability  of  an 
agent  to  do  work.  Work  can  not  be  done  without  motion, 
and  the  work  that  a  moving  body  is  capable  of  doing  in 
being  brought  to  rest  is  called  the  kinetic  enerffy  of  the 
body. 

Kinetic  energy  means  the  actual  visible  energy  of  a  body 
in  motion.  The  work  which  a  moving  body  is  capable  of 
doing  in  being  brought  to  rest  is  exactly  the  same  as  the 
kinetic  energy  developed  by  it  in  falling  in  a  vacuum  through 
a  height  sufficient  to  give  it  the  same  velocity. 

Rule  lOO. —  The  kinetic  energy  of  a  moving  body  in  foot- 
pounds equals  its  weight  in  pounds  multiplied  by  the  square  of 
its  velocity  in  feet  per  second,  and  divided  by  B^SQ. 

If  r^  represents  the  weight  of  the  body  in  pounds,  and  v 
the  velocity  in  feet  per  second, 

kmetic  energy  =  -^^^■ 

If  a  weight  is  raised  a  certain  height,  a  certain  amount  of 
work  is  done  equal  to  the  product  of  the  weight  and  the 
vertical  height.  If  a  weight  is  suspended  at  a  certain  height 
and  allowed  to  fall,  it  will  do  the  same  amount  of  work  in 
foot-pounds  that  was  required  to  raise  the  weight  to  the 
height  through  which  it  fell. 

Example. — 1(  a  body  weighing  25  pounds  falls  from  a  height  of  100 
feet,  how  much  work  can  it  do  ? 

Solution.— Work  =  lVA=25x  100  =  3,500  foot-pounds.     Ans. 

fi46«  It  requires  the  same  amount  of  work  or  energy  to 
stop  a  body  in  motion  within  a  certain  time  as  it  does  to  give 
it  that  velocity  in  the  same  time. 

ExAMPLB.— A  body  weighing  60  pounds  has  a  velocity  of  100  feet  per 
second ;  what  is  Its  Icinetic  energy  ? 

Solo TioK.— Kinetic  energy  =  -gr-^  =  ^a2~  ~  '■'^'8.08  foot- 
pounds.    Ads. 

EXAiiPLB. — In  the  last  example,  how  many  horsepower  will  be 
required  to  give  the  body  this  amount  of  kinetic  energy  in  9  seconds  7 

Solution.— 1  H.  P.  =  38,000  pounds  raised  1  foot  in  one  minute. 

It  7,778.68  foot-pounds  of  work  are  done  in  3  seconds,  in  one  second 
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tliere  would  be  done  — — ^ —  =  2,S91.21  foot-pounds  of  work.    One 
horsepower  =  88,000 ft-lb.  per  min.  =  88,000 .i- 60  =  SSOfL-lb.  per  sec. 
The  number  of  horsepower  developed  will  be 

?^  =  4.7118  H.  P.    Ans. 

547.  Potential  eacricy  is  latent  energy;  it  is  tfte  en- 
ergy which  a  body  at  rest  is  ca/^iU  of  giving  out  under  certain 
conditions. 

If  a  stone  is  suspended  by  a  string  from  a  high  tower,  it 
has  potential  energy.  If  the  string  is  cut,  the  stone  will  fall  to 
the  ground,  and  during  its  fall  its  potential  energy  will  change 
into  kinetic  energy,  so  that  at  the  instant  it  strikes  the  ground 
its  potential  energy  is  wholly  changed  into  kinetic  energy. 

At  a  point  equal  to  one-half  the  height  of  the  fall,  the  po- 
tential and  kinetic  energies  are  equal.  At  the  end  of  the 
first  quarter  the  potential  energy  was  },  and  the  kinetic  en- 
ergy i;  at  the  end  of  the  third  quarter  the  potential  energy 
was  i,  and  the  kinetic  energy  }. 

A  pound  of  coal  has  a  certain  amount  of  potential  energy. 
When  the  coal  is  burned,  the  potential  energy  is  liberated 
and  changed  into  kinetic  energy  in  the  form  of  heat.  The 
kinetic  energy  of  the  heat  changes  water  into  Steam,  which 
thus  has  a  certain  amount  of  potential  energy.  The  Steam 
acting  on  the  piston  of  an  engine  causes  it  to  move  through 
a  certain  space,  thus  overcoming  a  resistance,  changing  the 
potential  energy  of  the  steam  into  kinetic  energy,  and  thus 
doing  work. 

Potential  enercy  then,  is  the  energy  stored  within  a 
body  which  may  be  liberated  and  produce  motion,  thus 
generating  kinetic  energy,  and  enabling  work  to  be  done. 

548.  The  principle  of  conservation  of  enercy  teaches 
that  energy,  like  matter,  can  never  be  destroyed.  If  a  clock 
is  put  in  motion,  the  potential  energy  of  the  spring  is  changed 
into  kinetic  energy  of  motion,  which  turns  the  wheels,  thus 
producing  friction. 

The  friction  produces  heat,  which  dissipates  into  the  sur- 
rounding air,  but  still  the  energy  is  not  destroyed — it  merely 
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exists  in  another  form.  The  potential  energy  in  coal  was 
received  from  the  sun,  in  the  form  of  heat,  ages  ago,  and  has 
lain  dormant  for  millions  of  years. 

BELTS. 

549.  A  belt  is  a  flexible  connecting  band  which  drives 
a  pulley  by  its  f  rictional  resistance  to  slipping  at  the  surface 
of  the  pulley.  Belts  are  most  commonly  made  of  leather  or 
rubber,  and  united  in  long  lengths  by  cementingt  riveting,  or 
lacing. 

560.  Beits  are  made  single  and  double.  A  alnslc  belt 
is  one  composed  of  a  single  thickness  of  leather;  a  double 
belt  is  one  composed  of  two  thicknesses  of  leather  cemented 
and  riveted  together  the  whole  length  of  the  belt. 

551.     To  find  the  length  of  a  belt: 

In  practice,  the  necessary  length  for  a  belt  to  pass  around 
pulleys  that  are  already  in  their  position  on  a  shaft  is 
usually  obtained  by  passing  a  tape  line  around  the  pulleys, 
the  stretch  of  the  tape  line  being  allowed  as  that  necessary 
for  the  belt.  The  lengths  of  open-running  belts  for  pulleys 
not  in  position  can  be  obtained  as  follows; 

Rtile  lOl. — Tke  length  of  a  belt  for  open-running  pulleys 
equals  Si  times  one-katf  the  sum  of  tke  diameters  of  the  pul- 
leys plus  2  times  the  distance  between  the  centers  of  the  shaft. 

Let  D  =  diameter  of  one  pulley; 
D^=i  diameter  of  other  pulley; 
L  =  distance  between  the  centers  of  the  shafts; 
B  =  length  of  the  belt. 

Then,  ^  =  3i(^)  +  ai. 

BzAiiPLB.— The  distance  between  the  centers  of  two  shafts  Is  S  feet 
7  inches ;  the  diameter  of  the  large  pulley  is  86  inches,  and  the  diameter 
of  the  Bmall  one  is  14  inches;  what  is  the  necessary  length  of  the  belt? 

SoLUTioK.— By  formula.  S  =  &i( — ^ — i^  +  aZ. 

Substituting  the  values  given,  we  have,  since  »  ft.  7'  =  IIB', 
J  =  8l(^^Lt-^)  +  3xU5  =  SlIiin..or!»ft.  lUin.    Ans. 
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552.     To  find  the  width  o£  a  single  leather  belt  that  will 

transmit  any  given  horsepower  when  equal  pulleys  are  used: 

Rule  toi.~T/ie  width  of  the  belt  in  inches  equals  800 

times  the  horsepou/er  to  be  transmitted  divided  by  the  speed  of 

the  belt  in  feet  per  minute. 

Let  W^=width  of  belt  in  inches; 

H  =^  horsepower  to  be  transmitted; 
^  =  speed  of  belt  in  feet  per  minute;  then, 
■  „_  800/^ 

Example.— What  width  of  single  leather  belt  is  required  to  tranemlt 
SO  horsepower  when  equal  pulleys  are  used,  and  the  speed  is  1,600  feet 
per  minute  ? 

Solution. — Formula,  W  =  — » — . 
Substituting,  we  have 

0X80 
1,600 


^=2^!^^^  =  10  inches.   Ana. 


553.  To  find  the  number  of  horsepower  that  a  single 
leather  belt  will  transmit,  its  width  and  speed  being  given: 

Rule  103. —  The  number  of  horsepower  equals  the  product 
of  the  width  in  inches  and  the  speed  ia  feet  per  minute  divided 
by  800. 

ExAKPLB. — If  a  10*  single  leather  belt  is  to  be  run  at  a  speed  of 
1,600  feet  per  minute,  what  horsepower  will  it  transmit  ? 

Solution.— Formula,  //=  -gTjjr- 
Substituting,  we  have 

„      10x1,600      „.  . 
KiS> — '  ~      horsepower.    Ans. 

554.  When  the  pulleys  are  of  different  diameters,  the 
arc  of  contact  must  be  considered.  To  find  the  number  of 
degrees  in  the  arc  of  contact,  multiply  the  length  of  belt 
in  contact  on  the  smaller  pulley  by  S60,  and  divide  the  product 
by  the  circumference  of  the  pulley,  calculating  the  result  to 
the  nearest  whole  number.    The  quotient  is  the  arc  of  contact. 
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Havingr  found  the  arc  of  contact,  subtract  it  from  180" 
and  multiply  the  result  by  S.  Add  this  last  result  to  SOO ; 
ike  number  thus  obtained  should  be  used  instead  of  800,  in 
rules  102  and  103. 

Example.— What  should  be  the  width  of  a  single  leather  belt  to 
transmit  25.24  horsepower  at  a  speed  of  1.500  feet  per  minute,  the 
diameter  of  the  smaller  pulley  being  34',  and  the  belt  having  SO*  of 
Its  length  in  contact  with  it  ? 

on  V  tUIrt 

Solution.— Arc  of  contact  =  ^T^^^^  =  143'.     (180  -  143)  x  8  = 

111.    BOO  +  111  =  Oil.     Using  rule  102,  and  Oil  instead  of  800. 

„,     911 X  25.24      „  „,  ^_,,      , 
rSOO —  ~  15.83',  say  IH  .    Ans. 

555.  To  find  the  width  of  a  double  belt  that  will  trans- 
mit the  same  horsepower  as  a  given  single  belt,  let  W^  repre- 
sent the  width  of  the  double  belt;  then. 

Rule  104. — Multiply  the  width  of  a  single  belt  that  will 
transmit  the  same  horsepower  by  f . 

Or,  W^  =  \W. 

BxAMPLS. — If  a  single  leather  belt  is  IS'  in  width,  and  transmits 
US  horsepower,  what  must  be  the  width  of  a  double  belt  to  transmit 
the  same  horsepower  ? 

Solution. — Applying  the  rule,  15  x  j  =  10  in.  =  width  of  double 
belt.    Ans. 

556.  Lacing  Belts. — Many  good  methods  of  fasten- 
ing the  ends  of  belts  are  employed,  but  lacing  is  generally 
used,  as  it  is  flexible,  like  the  belt,  and  runs  noiselessly  over 
the  pulleys. 

When  punching  a  belt  for  lacing,  use  an  oval  punch,  the 
longdiameter  of  the  hole  to  be  parallel  with  the  side  of  the  belt. 

In  a  3-inch  belt  there  should  be  four  holes  in  each  end, 
two  in  each  row.  In  a  6-inch  belt,  seven  holes,  four  in  the 
row  nearest  the  end.  A  10-inch  belt  should  have  nine  holes, 
five  in  the  row  nearest  the  end.  The  edges  of  the  holes 
should  not  be  nearer  than  J  of  an  inch  from  the  sides,  and 
J  of  an  inch  from  the  ends  of  the  belt.  The  second  row 
should  be  at  least  li  inches  from  the  end. 

Always  begin  to  lace  from  the  center  of  the  belt,  and  take 
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care  to  get  the  ends  exactly  in  line.  The  lacing  should  not 
be  crossed  oa  the  side  of  the  belt  that  runs  next  to  the 
pulley.  Always  run  the  hair  side  of  the  belt  next  to  the 
pulley.  

HORSEPOWER    OF    GEARS. 
557.    To  find  the  horsepower  which  can  be  safely  trans- 
mitted by  gears  whose  face,  or  breadth  of  tooth,  is  from 
2^  to  3  times  their  pitch: 

Rule  105. —  The  horsepower  which  can  be  safely  trans- 
mitted equals  the  continued  product  of  the  square  of  the  pitch, 
the  velocity  in  feet  per  minute  and  .01, 
Let/ =  the  pitch; 

s  =  circumferential  speed  of  a  point   on  the   pitch 
circle  in  feet  per  minute;  then, 
H.  P.  =.01  J/*. 
Example.— What  horsepower  can  be  safely  transmitted  b]r  a  gear 
whose  pitch  diameter  is  66.84  in.,  pitch  1}   in.,  and  which  mokes 
60  R.  P.  H.7 

SoLDTioM.— The  velocity  which  Is  to  be  used  when  applying  rule 
105  is  the  circumferential  speed  of  a  point  on  the  pitch  drde. 


Fio.  ioa. 
Hence,  66.94  x  8.1416  =  209.98  in.  =  circumference  of  pitch  circle  = 
10^  ft.     3^^  X  60  =  1.049.9  =  velocity  in  It.  per  min. 

Now,  applying  formula.  H.  P.  =  .01  x  1,046.9  x  1-75'  =  88.1633 horee- 
mwcr.    Ans. 
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558.  When  measuring  bevel  gears,  the  diameter  of  the 
largest  pitch  circle  should  be  taken,  as  D,  Fig.  102. 

When  calculating  their  horsepower,  use  the  small,  or  inner, 
diameter,  as  d.  Fig.  102.  Either  diameter  may  be  used  when 
calculating  the  revolutions  per  minute  or  number  of  teeth, 
by  rules  66-92,  but  if  the  inner  or  outer  diameter  of  one  gear 
be  used,  the  corresponding  diameter  of  the  other  gear  which 
meshes  with  it  must  also  he  used. 


EXAMPLES  FOR  PRACXICB. 

1.  How  many  foot-pounds  of  work  are  required  to  o 
7  minutes  the  friction  of  the  cross-head  of  an  engine  which  has  a  stroke 
of  4  ft,  and  makes  160  strokes  per  minute,  if  the  coefficient  of  friction 
is  U,  and  the  average  perpendicular  pressure  is  12,460  lb.  ? 

Ans.  4,465,66*  ft.-lb. 

2.  In  the  above  example,  what  horsepower  is  required  ? 

Ans.  19.882  H.  P. 

S.    A  cannon  ball  weighing  SOO  lb.  is  lired  with  a  velocity  of  1,600  ft 

per  sec. ;  what  is  its  kinetic  energy  ?  Ans.  19,000.407.5  ft.-Ib. 

4.  An  opten  belt  drives  two  pulleys  which  are,  respectively,  4S'  and 
SO*  in  diameter,  and  S3  ft  apart  between  their  centers ;  what  should  be 
the  length  of  tne  belt  ?  Ans.  652J',  or  64  ft.  4t'. 

5.  What  width  of  single  leather  belting,  which  has  3  ft.  9'  contact 
on  the  small  pulley,  is  required  to  transmit  10  horsepower  at  a  speed  of 
1,600  ft.  per  min.?  Give  width  to  nearest  half  inch.  Diameter  ol 
small  pulley  26'.  Ans.  6'. 

6.  What  should  be  the  width  of  the  main  belt  of  a  steam  engine  to 
transmit  120  horsepower  ?  The  engine  runs  at  80  R.  P.  M..  the  band- 
wheel  is  8  (t.  in  diameter,  the  twit  is  double,  and  has  a  contact  of  6  ft, 
on  the  smaller  pulley,  which  is  5  ft.  in  diameter.  Take  the  speed  of 
the  belt  the  same  as  that  of  a  point  on  the  circumference  of  the  band- 
wheel.  Ans.  86i'. 

7.  A  26'  double  belt  runs  at  a  speed  of  2,830  ft  per  min.,  and  has  a 
contact  of  6ft  on  the  smaller  pulley;  what  horsepower  is  it  trans- 
mitting ?    Diameter  of  small  pulley  is  48'.  Ans.  121,16  H.  P. 

8.  What  horsepower  can  be  safely  transmitted  by  a  gear  whose 
■  pitch  is  !H',  pitch  diameter  44.66',  and  which  makes  80  R.  P.  M.  ? 

Aqs.  42.24  H.  P. 
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MECHANICS. 

(CONTINUED.) 

HYDROSTATICS. 

569.  Hydrostatics  treats  of  liquids  at  rest  under  the 
action  of  forces. 

560.  Liquids  are  very  nearly  incompressible.  A  pres- 
sure of  15  pounds  per  square  inch  compresses  water  less  than 
tfliTT  of  its  volume. 

561.  Fig.    103    represents    two   cylindrical   vessels  of 
exactly  the  same  size.     The  ves- 
sel a  is  fitted  with  a  wooden  block 

of  the  same  size  as  the  cylinder, 
and  can  move  in  it  ;  the  vessel 
b  is  filled  with  water,  whose 
depth  is  the  same  as  the  length 
of  the  wooden  block  in  a.  Both 
vessels  are  fitted  with  air-tight 
pistons  P,  whose  areas  are  each 
10  sq.  in. 

Suppose,  for  convenience,  that 
the  weights  of  the  pistons,  block, 
and  water  be  neglected,  and  that 
a  force  of  100  pounds  be  applied 
to  both  pistons.     The  pressure  pio_  log, 

per  square  inch  will  be  -rr^  =  10  pounds.     In  the  vessel  a 

this  pressure  will  be  transmitted  to  the  bottom  of  the  vessel, 
and  will  be  10  pounds  per  square  inch ;  it  is  easy  to  see  that 
there  will  be  no  pressure  on  the  sides.  In  the  vessel  b  an 
entirely  difEerent  result  is  obtained.  The  pressure  on  the 
bottom  will  be  the  same  as  in  the  other  case,  that  is, 
10  pounds  per  square  inch,  but,  owing  to  the  fact  that  the 

For  notice  of  the  copyright,  see  pngo  fm  mediately  following  IhK  title  page. 
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molecules  of  the  water  are  perfectly  free  to  move,  this  pres- 
sure of  10  pounds  per  square  inch  is  transmitted  in  every 
direction  with  the  same  intensity ;  that  is  to  say,  the  pres- 
sure at  any  point  c,  d,  e,  /,  g,  h,  etc.,  due  to  the  force  of 
100  pounds,  is  exactly  the  same,  and  equals  10  pounds  per 
square  inch. 

562.  This  may  be  easily  proven  experimentally  by 
means  of  an  apparatus  like  that  shown  in  Fig.  101.  Let  the 
area  of  the  piston  a  be  20 
sq.  in.;  of  b,  1  sq.  in.;  of 
c,  1  sq.  in. ;  of  i/,  6  sq.  in. ; 
of  e,  8  sq.  in.,  and  of  /, 
1  sq.  in. 

If  the  pressure  due  to 
the  weight  of  the  water 
be  neglected,  and  a  force 
of  5  pounds  be  applied  at 
c  (whose  area  is  1  sq.  in.), 
a  pressure  of  5  pounds  per 
square  inch  will  be  trans- 
mitted in  all  directions, 
and  in  order  that  there 
shall  be  no  movement,  a 
force  of  6  X  5  =  30  pounds  ^°-  ^"■ 

must  be  applied  at  d,  40  pounds  at  e,  20  pounds  at  /, 
100  pounds  at  a,  and  3S  pounds  at  b. 

If  a  force  of  99  pounds  were  applied  to  a,  instead  of 
100  pounds,  the  piston  a  would  rise,  and  the  other  pistons 
b,  c,  d,  e,  and  f,  would  move  inwards  ;  but,  if  the  force 
applied  to  a  were  100  pounds,  they  would  all  be  in  equilib- 
rium.    If  101  pounds  were  applied  at  a,  the  pressure  per 

square  inch  would  be  ^^7^-  =  5.05  pounds,  which  would  be 

transmitted  in  all  directions  ;  and,  since  the  pressure  due  to 
the  load  on  c  is  only  5  pounds  per  square  inch,  it  is  now 
evident  that  the  piston  a  will  move  downwards,  and  the 
pistons  b,  c,  d,  e,  and /will  be  forced  outwards. 
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563.    The  whole  of  the  preceding  may  be  summed  up 

as  follows  : 

The  pressure  per  unit  of  area  exerted  anywhere  upon  a  mass 
of  liquid  is  transmitted  undiminished  in  all  directions,  and 
acts  with  the  same  force  upon  ail  surfaces,  in  a  direction  at 
rleht  antcles  to  those  surfaces. 

This  law  was  first  discovered  by  Pascal,  and  is  the  most 
important  in  bydrotnccbanlcs.  Its  meaning  should  be 
thoroughly  understood. 

Example.— If  the  area  of  the  piston  e,  in  Fig.  104,  were  8.25  sq.  in., 
and  a  force  of  150  pounds  were  applied  to  it,  what  forces  would  have  to 
be  applied  to  the  other  pistons  to  keep  the  water  in  equilibrium. 
assuming  that  their  areas  were  the  same  as  given  before  ? 

Solution. —  77-5==  18.183  pounds  per  square  inch,  nearly. 

20X18.183  =  863.S4   lb.  =  force  to  balance  a 
7xl8.183  =  I37.a74lb.  =  force  to  balance  i.  I 
1x18.182=    18.1831b.  =  force  to  balance  1-.  V  Am, 
6  X  18.183  =  109.093  lb.  =  force  to  balance  d. 
4x18.183=   73.7381b.  =  force  to  balance/.  J 
5&1.     Tbe  pressure  due  to  the  vrelffbt  of  a  liquid 
may  be  downwards,  upwards,  or  sideways. 

565>     Dovrnnrard  Pressure. — In  Fig.   105  the  pres- 
sure on  the  bottom  of  the  vessel 
a   is,   of  course,   equal   to   the 
weight  of  the  water  itcontains. 
If  the  area  of  the  bottom  of  the 
vessel  b,  and  the  depth  of  the 
liquid     contained    in     it,     are 
r  the   same   as  in   the   vessel  a, 
the    pressure    on    the    bottom 
»  of  i  will  be  the  same  as  on  the 
I  bottom  of  a.     Suppose  the  bot- 
I  toms  of  the  vessels  a  and  b  are 
*»  6   inches  square,  and  that  the 

Pto.iflo.  part    c  d   [a    the    vessel    b   is 

3  inches  square,  and  that  they  are  filled  with  water.     Then, 
the  weight  of  one  cubic  inch  of  water  is        "      pound  = 
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,03617  pound.  The  number  of  cubic  inches  in  a  =  6  X  6 
X  34=  864  cubic  inches;  and  the  weight  of  the  water  is 
864  X  .03617  =  31.35  pounds.  Hence,  the  total  pressure  on 
the  bottom  of  the  vessel  a  is  31,35  pounds,  or  0.868  pound 
per  square  inch. 

The  pressure  in  b,  due  to  the  weight  contained  in  the 
part  ^fis6x6xlOX  .03617  =  13.03  pounds. 

The  weight  of   the  part  contained   in  t:  if  is  3  X  2  X  14 

X  .03617  =  2,0355  pounds,  and  the  weight  per  square  inch 

,  ,    3,0255        ^„„, 
of  area  in  cd  is  — - —  =.5064  pound. 

566*  According  to  Pascal's  law,  this  weight  (pressure) 
is  transmitted  equally  in  all  directions,  therefore,  an  extra 
weight  of  .5064  pound  is  imposed  on  every  square  inch  of  the 
bottom  of  bc\  the  area  of  this  is  6  X  6  =  36  square  inches, 
and  the  pressure  on  it  is,  therefore,  36  X  ,5064=  18.23 
pounds,  due  to  water  contained  in  c  d;  thus,  we  have  a  total 
pressure  on  bottom  of  vessel  b  of  13.02+18.33  =  31,35 
pounds,  the  same  as  in  vessel  a.  As  a  result  of  the  above 
law,  there  is  also  an  upward  pressure  of  .6064  pound  acting 
on  every  square  inch  of  the  lofi  of  the  enlarged 'part  be. 

If  an  additional  pressure  of  10  pounds  per  square  inch 
were  applied  to  the  upper  surface  of  both  vessels,  the  total 
pressure  on  each  bottom  would  be  31.25  +  (6  X  6  X  10)  = 
31.26  +  360  =  391.35  pounds. 

If  this  pressure  were  to  be  obtained  by  means  of  a  weight 
placed  on  each  piston  (as  shown  in  Figs.  103  and  104),  we 
should  have  to  put  a  weight  of  6  X  6  X  10  =  360  pounds  on 
the  piston  in  vessel  a,  and  one  of  3  X  2  X  10  =  40  pounds 
on  the  piston  in  vessel  6. 

567.  The  General  La«r  for  tbe  Downward 
Pressure  upon  tbe  Bottom  of  any  Vessel: 

Rule  106. — The  pressure  upon  the  bottom  of  a  vessel  con- 
taining a  fluid  is  independent  of  the  shape  of  the  vessel,  and 
is  equal  to  the  weight  of  a  column  of  the  fluid,  the  area  of 
whose  base  is  equal  to  that  of  the  bottom  of  the  vessel,  and 
whose  altitude  is  the  distance  between  the  bottom  and  the 
upper  surface  of  the  fluid  plus  the  pressure  per  unit  of  area 
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upon  the  upper  surface  of  the  fluid  muUiplied  by  the  area  of 
the  bottom  of  the  vessel. 

568.  Suppose  that  the  vessel  b,  in  Fig.  105,  were  in- 
verted, as  shown  in  Fig.  100,  the  pressure  upon  the  bottom 
will  still  be  0.8G8  pound  per  square  inch,  but 
it  will  require  a  weight  of  3,490  pounds  to 
be  placed  upon  a  piston  at  the  upper  surface 
to  make  the  pressure  on  the  bottom  391.25 
pounds,  instead  of  a  weight  of  40  pounds,  as 
in  the  other  case. 

EXAHPLB. — A  vessel  filled  with  salt  water,  having 
a  specific  gravity  of  1.08.  has  a  circular  bottom 
13  incheS'ln  diameter.  The  top  of  the  vessel  is  titled 
with  a  piston  3  inches  in  diameter,  on  which  is  laid 
a  weight  of  75  pounds ;  what  is  the  total  pressure  on 
the  bottom,  if  the  depth  of  the  water  is  18  inches  ?  fio.  109, 

SoLUTioK. — Applying  the  rule,  the  weight  of  1  cubic  inch  of  the 

water  is^4^  =  .037254  lb. 

18  X  13^  .7854  X  18  X  .037254  =  8B.01  pounds  =  the  pressure  due  to 
the  weight  of  the  water. 


2  =  10.61  pounds  per  square  Inch,  due  to  the  weight  o 


8x8x.7854~ 
the  piston.         13  x  13  X  -7864  X  10.61  =  1,408.29  pounds. 
Total  pressure  =  l,40a29  +  89.01  =  1.497.8  pounds.    Ans. 

569.  Upward  PrcTOure. — In  Fig.  107 
is  represented  a  vessel  of  exactly  the  same 
size  as  that  shown  in  Fig.  106.  There  is 
no  upward  pressure  on  the  surface  c,  due 
to  the  weight  of  the  water  in  the  targe  part 
c  d,  but  there  is  an  upward  pressure  on  c,  due 
to  the  weight  of  the  water  in  the  small  part 
b  c.  The  pressure  per  square  inch,  due  to  the 
weight  of  the  water  in  b  c,  was  found  to  be 
.6064  pound  (see  Art.  565),  the  area  of  the 
upper  surface  c  o(  the  large  part  <r  i^  is 
(6  X  6)  —  (2  X  2)  =  36  -  4  =  Z%  sq.  in.,  and 
Pio.  im.  the  total  upward  pressure,  due  to  the  weight 
of  the  water,  is  .5064  X  32  =  16.2  pounds. 
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If  an  additional  pressure  of  10  pounds  per  square  inch 
were  applied  to  a  piston  fitting  in  the  top  of  the  vessel,  the 
total  upward  pressure  on  the  surface  c  would  be  16.2 -|- 
{32  X  10)  =  330.2  pounds. 

570.  General  La^r  for  Up'w^ard  Pressure: 
Rule  107. — Tke  upward  pressure  on  any  submerged  hori- 

sontal  surface  equals  the  weight  of  a  column  of  the  liquid 
whose  base  has  an  area  equal  to  the  area  of  the  submerged 
surface,  and  whose  altitude  is  the  distance  between  the  sub- 
merged surface  and  the  upper  surface  of  the  liquid  plus  the 
pressure  per  unit  of  area  on  the  upper  surface  of  the  fluid 
multiplied  by  the  area  of  the  submerged  surface. 

ExAMPLB. — A  horizontal  surface  6  inches  by  4  inches  is  submerged 
In  a  vessel  of  water  36  inches  below  the  upper  surface;  if  the  pressure 
on  the  water  is  IS  pounds  per  square  inch,  what  is  the  total  upward 
pressure  on  the  horizontal  surface  ? 

Solution.— Applying  the  rule,  we  get  ex  4x20  x  .08*17  s92.6T 
pounds  for  the  upward  pressure,  due  to  the  weight  of  the  water,  and 
6  X  4  X  IB  =  384  pounds  for  the  upward  pressure,  due  to  the  outside 
pressure  of  10  pounds  per  square  inch. 

Therefore,  the  total  upward  pressure  =  884  +  23.67  =  406.57  pounds. 

571.  Lateral  (Sideways)  Pressure. — Suppose   the 

top  of  the  vessel  shown  in  Fig.  108  is 
10  inches  square,  and  that  the  pro- 
jections  at  a  and  b  are  1  inch  X  1  inch 
and  10  inches  long. 

The  pressure  per  square  inch  on  the 
bottom  of  the  vessel,  due  to  the  weight 
of  the  liquid,  is  1  X  1  X  18  X  the  weight 
of  a  cubic  inch  of  the  liquid. 

The  pressure  at  a  depth  equal  to  the 

distance    of   the    upper    surface    b   is 

1  X  1  X  17  X  the  weight  of  a  cubic  inch 

Fio.  108.  of  the  liquid. 

Since  both  of  these  pressures  are  transmitted  in  every 

direction,   they   are  also   transmitted  laterally   (sideways). 
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and  the.  pressure  per  unit  of  area  on  the  projection  bis  a  mean 
between  the  two,  and  equals  1  X  1  X  17J  X  the  weight  of  a 
cubic  inch  of  the  liquid. 

To  find  the  lateral  pressure  on  the  projection  a,  imag- 
ine that  the  dotted  line  c  is  the  bottom  of  the  vessel,  then 
the  conditions  would  be  the  same  as  in  the  preceding  case, 
except  that  the  depth  is  not  so  great. 

The  lateral  pressure  per  sq.  in.  on  a  is  thus  seen  to  be 
1  X  1  X  llj  X  the  weight  of  a  cubic  inch  of  the  liquid. 

572>     General  Lamr  for  Lateral  Pressure  i 

Rule  108. — The  pressure  upon  any  vertical  surface,  due  to 

the  weight  of  the  liquid,  is  equal  to  the  weight  of  a  column  of 
the  liquid  whose  base  has  the  same  area  as  t  lie  vertical  surf  ace, 
and  wftase  altitude  is  the  depth  of  the  center  of  gravity  of  the 
vertical  surface  below  the  upper  surface  of  the  liquid. 

Any  additional  pressure  is  to  be  added  as  in  the  previous  cases. 

Example.— A  well  3  feet  in  diameter,  and  20  feet  deep,  is  lilted  with 
water;  what  is  the  pressure  on  a  strip  of  the  wall  1  inch  wide,  the  top 
of  which  is  1  fool  from  the  bottom  of  the  well  ?  What  Is  the  pressure 
on  the  bottom  ?  What  is  the  upward  pressure  per  square  inch,  2  feet 
6  inches  from  the  bottom  ? 

Solution. — Applying  the  rule,  the  area  of  the  strip  Is  equal  to 
its  length  (=  circumference  of  well)  multiplied  by  its  height.  The 
length  =  86x8.1418  =  113.1';  height  =  r:  hence,  area  of  strip  =  liai 
X  1  =  113.1  sq.  in.  Depth  of  center  of  gravity  of  strip  =  (30  —  1)  ft.  -t- 
\  inch,  the  half  width  of  strip,  =  228^  inches.  Consequently,  the  total 
pressure  on  the  strip  -  118.1  x  228.5  x  .03817  =  834.75  lb.     Ans. 

The  pressure  on  each  square  inch  of  the  strip  would  be  ..„  .  =  8. 365 
pounds,  nearly. 

86  X  M  X  .7S54  X  20  X  12  X  .08617  =  8,888  pounds  =  the  pressure  on 
the  bottom.    Ans. 

20-  8.6  =  17.5.  1  X  17.5  X  12  X  .08617  =  7.696  pounds  =  the  upward 
pressure  per  square  inch,  3  feet  6  inches  from  the  bottom.    Ans. 

573.  The  effects  of  lateral  pressure  are  illustrated  in 
Fig.  109.  In  the  figure,  ^  is  a  tall  vessel  having  a  stop-cock 
near  its  base,  and  arranged  to  float  upon  the  water,  as  shown. 
When  this  vessel  is  filled  with  water,  the  lateral  pressures  at 
any  two  points  of  the  surface  of  the  vessel  opposite  to  each 
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other  are  equal.  Being  equal,  and  acting  in  opposite  direc- 
tions, they  destroy  each  other,  and  no  motion  can  result; 
but  if  the  stop-cock 
be  opened  there  will 
be  no  resistance  to 
the  pressure  acting 
on  that  part,  and  the 
water  will  flow  out; 
at  the  same  time,  the 
pressure  on  the  cor- 
responding part  of 
the  opposite  side  of 
the  vessel  remains, 
and  this,  being  no 
longer  balanced, 
causes  the  vessel  to 
Pio.  KW.  move    backwards 

through  the   water  in   a  direction  opposite  to  that  of  the 
issuing  jet. 

574.  Since  the  pressure  on  the  bottom  of  a  vessel,  due 
to  the  weight  of  the  liquid,  is  dependent  only  upon  the  height 
of  the  liquid,  and  not  upon  the  shape  of  the  vessel,  it  follows 


that  if  a  vessel  has  a  number  of  radiating  tubes  (see  Fig.  110) 
the  water  in  each  tube  will  be  on  the  same  level,  no  matter 
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what  may  be  the  shape  of  the  tubes.  For,  if  the  water  were 
higher  in  one  tube  than  in  the  others,  the  downward  pressure 
on  the  bottom,  due  to  the  height  of  the  water  in  this  tube, 
would  be  greater  than  that  due  to  the  height  of  the  water 
in  the  other  tubes.  Consequently,  the  upward  pressure 
would  also  be  greater;  the  equilibrium  would  be  destroyed, 
and  the  water  would  flow  from  this  tube  into  the  vessel,  and 
rise  in  the  other  tubes  until  it  was  at  the  same  level  in  all, 
when  it  would  be  in  equilibrium.  This  principle  is  expressed 
in  the  familiar  saying,  water  seeks  its  level. 

575.  The  above  principle  explains  why  city  water 
reservoirs  are  located  on  high  elevations,  and  why  water  on 
leaving  the  hose  nozzle  spouts  so  high. 

If  there  were  no  resistance  by  friction  and  air,  the  water 
would  spout  to  a  height  equal  to  the  level  of  the  water  in 
the  reservoirs.  If  a  long  pipe  were  attached  to  the  nozzle 
whose  length  was  equal  to  the  vertical  distance  between  the 
nozzle  and  the  level  of  the  water  in  the  reservoir,  the  water 
would  just  reach  the  end  of  the  pipe.  If  the  pipe  were  lowered 
slightly,  the  water  would  trickle  out. 

Fountains,  canal  locks,  and  artesian  wells  are  examples  of 
the  application  of  this  principle. 

ExAMPLB.— The  water  level  in  a  city  reservoir  is  160  feet  from  the 
level  of  the  street;  what  Is  the  pressure  of  the  water  per  square  Inch 
on  the  hydrant  ? 

Solution.— Apply  rule  IO«,  1 X  150  X  18  X  .03617  =  6S.104  pounds 
per  square  inch. 

NoTB. — In  measuring  the  height  of  the  water  to  find  the  pressure 
which  it  produces,  the  vertiCMl  height,  or  distance,  between  the  level 
of  the  water  and  the  point  considered  is  always  taken.  This  vertical 
heUcht  is  called  the  bead. 

The  weight  of  a  column  of  water  1  in.  square  and  1  ft.  high  is 
63.S  +  144  =  .4a4  lb.,  very  nearly.  Hence,  if  the  depth  (head)  be  given, 
the  pressure  per  square  inch  may  be  found  by  multiplying  the  depth  in 
feet  by  .484.  The  constant  .4JH  is  the  one  ordinarily  employed  in 
practical  calculations. 

576.  In  Fig.  Ill,  let  the  area  of  the  piston  a  be 
1  square  inch,  oib,  40  square  inches.  According  to  Pascal's 
law,  1  pound  placed  upon  a  will  balance  40  pounds  placed 
upon  b. 
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Suppose  that  a  moves  downwards  10  inches,  then,  10  cubic 
Inches  of  water  will  be  forced  into  the  tube  b.  This  will  be 
distributed  over  the  entire  area  of  the 
tube  b,  in  the  form  of  a  cylinder  whose 
cubical  contents  must  be  10  cubic  inches, 
whose  base  has   an   area   of   40   square 

incl.ci;,  and  whose  altitude  must  be  -77:  = 
40 

—  of  an  inch;  that   is,  a  movement   of 

10  inches  of  the  piston  a  will  cause  a 
movement  of  \  of  an  inch  in  the  pis- 
ton b. 

'">■  "•■  Here  is  the  old  principle  of  machines: 

Tke  power  multiplied  by  tke  distance  through  which  it 
moves  equals  the  weight  multiplied  by  tke  distance  through 
which  it  moves. 

Since,  if  1  pound  on  the  piston  a  represents  the  power  P, 
the  equivalent  weight  VV  on  b  may  be  obtained  from  the 
equation,   W'  X  i  =  /*  X  10,  whence  W—  40  P=  40  lb. 

577.  Another  familiar  fact  is  also  recognized,  for  the 
velocity  ratio  of  Pto  W'\&  10  :  J,  or  40;  and,  since  in  any 
machine  the  weight  equals  the  power  multiplied  by  the 
velocity  ratio,  W=  Py.  40,  and  when  P=.  I,  W  =^  40. 

This  principle  is  made  use  of  in  the  hydraulic  press  rep- 
resented in  Fig.  112.  As  the  man  depresses  the  lever  (?, 
he  forces  down  the  piston  a  upon  the  water  in  the  cylinder 
A.  The  water  is  forced  through  the  bent  tube  d  into  the 
cylinder  in  which  the  large  ram,  or  plunger,  (T  works,  and 
causes  it  to  rise,  thus  lifting  the  platform  K,  and  compress- 
ing the  bales.  If  the  area  of  a  be  1  sq.  in.,  and  that  of  c  be 
100  sq.  in.,  the  velocity  ratio  will  be  100. 

If  the  length  of  the  lever  between  the  hand  and  the  fulcrum 
is  10  times  the  length  between  the  fulcrum  and  the  piston  a, 
the  velocity  ratio  of  the  lever  will  be  10,  and  the  total 
velocity  ratio  of  the  band  to  the  piston  C  will  be  10  X  100 
=  1.000. 
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Hence,  a  force  of  100  pounds  applied  by  the  hand  will  raise 
100  X  1,000  =  100,000  pounds.     But,  if  the  average  move- 


ment of  the  hand  per  stroke  is  10  inches,  it  will  require 
■ '  ■  =  100  strokes  to  raise  the  platform  1  inch,  and  it  is 
again  seen  that  what  is  gained  in  power  is  lost  in  speed. 

578.  Applications  of  this  principle  are  seen  in  the 
hydraulic  machines  used  for  forcing  locomotive  drivers  on 
their  axles,  etc. ,  and  for  testing  the  strength  of  boiler  shells. 

EXAUPLB. — A  suspended  vertical  cylinder  is  tested  for  the  tightness 
of  its  heads  by  filling  it  with  water.  A  pipe  whose  inside  diameter  is 
}  of  an  inch,  and  whose  length  is  30  feet,  is  screwed  into  a  hole  in  the 
upper  head,  and  then  filled  with  water.  What  is  the  pressure  per 
square  inch  on  each  head,  if  the  cylinder  is  40  inches  in  diameter  and 
00  inches  long  ? 

Solution.— Area  of  heads  =  40"  X  -7854  =  1,356.64  sq.  in. 

Pressure  per  square  inch  on  the  bottom  head,  due  to  the  weight  of 
the  water  ia  the  cylinder,  =  1  X  W  X  .03617  =  2.17  pound* 
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(iY  X  -7854  =  .04909  sq.  in.,  the  area  of  the  pipe. 
.04909  X  20  X  13  X  .03617  =  .420  pound  =  the  weight  of  water  In  the 
pipe  =  the  pressure  on  a.  surface  area  of  .04009  sq.  in. 

Thepressurepersquareinch,  due  to  the  water  in  the  pipe,  is-nTgna  X 
.4S6  =  8.68  pounds  per  square  inch  upon  the  upper  head.    Ans. 

The  total  pressure  f>er  square  inch  on  the  lower  head  is  8.68  +  3.17  = 
10.85  pounds.     Ans. 

Example.— In  the  last  example,  if  the  pipe  be  fitted  with  a  piston 
weighing  ^  of  a  pound,  and  a  6-pound  weight  be  laid  upon  it,  what  Is 
the  pressure  per  sq.  in.  upon  the  upper  head  7 

Solution, — In  addition  to  the  pressure  of  .426  pound  on  the  area  of 
.04909  sq.  in,,  there  is  now  an  additional  pressure  upKin  this  area  of 
5  -(- 1  =  0.25  pounds,  and  the  total  pressure  upKin  this  area  is  .436  + 

B,2S  =  0.676  pounds.     The  pressure  per  square  inch  >* ■nTo™  X '■*'*' = 
115.6  pounds.     Ans. 

ExAHPLB.— In  Fig.  113,  the  plunger  A,  is  10'  in  diameter,  and  is  forced 


outwards  by  means  of  a  small  pump  B,  which  supplies  the  press 
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cylinder  with  water.  The  plunger  Caf  the  pump  B  is  }*  in  diameter.  If 
a  force  of  100  lb.  be  applied  to  C  by  means  of  the  lever  D,  how  great  a 
weight  can  the  plunger  A  raise,  if  the  plunger  itself  weighs  400  lb. } 

Solution. — First  find  the  pressure  per  sq.  in.  which  the  plunger  C 
eierta  upon  the  water.  Area  of  C=  (i)'  X  -1854  =  .19635  sq.  in.  Since 
C  exerts  a  pressure  of  100  lb.  upon  an  area  of  .  19685  sq.  in.,  it  will  exert 

a  pressure  of  100  X  -jggug  ^^-  "P<*"  an  area  of  1  sq.  in.     This  pressure  is 

transmitted  by  the  water  in  the  tube  E  to  the  cylinder  F,  where  it 
forces  the  plunger  A  upwards  as  the  water  is  forced  into  F.  The  pres- 
sure per  sq.  in.  on  the  bottom  of  A  is  the  same  as  that  exerted  by  C. 
Hence,  the  total  pressure  is  lO*  x  -7854  x  -^-  =  40,000  lb.  This 
result,  less  the  weight  of  A,  equals  the  load  lifted.  Therefore,  40,000  — 
400=  89,600  lb.    Ans. 

579>  In  these  examples  on  the  hydraulic  press,  no  allow- 
ance has  been  made  for  the  power  lost  in  overcoming  the 
friction  between  the  cup  leathers  and  the  plunger ;  this  varies 
according  to  the  condition  of  the  leathers,  and,  of  course, 
the  smoothness  of  the  plunger;  when  the  leathers  are  in  good 
condition  the  loss  is  about  5%  of  the  total  pressure  on  the 
ram ;  when  the  leathers  are  old,  stiff,  and  dirty  the  loss  may 
amount  to  \5%  or  more. 


BUOYANT   EFFECTS   OF    WATER. 

580.  In  Fig.  114  is  shown  a  6-inch  cube,  entirely  sub- 
merged in  water.  The  lateral  pressures  are  equal  and  tn 
opposite  directions.  The  upward  pressure 
acting  on  the  lower  surface  of  the  cube 
=  6  X  6  X  21  X  .03617;  the  downward 
pressure  acting  on  the  top  of  the  cube  = 
6  X  6  X  15  X  .03617,  and  the  difference  = 
6  X  6  X  6  X  .03617  =  the  volume  of  the 
cube  in  cubic  inches  x  the  weight  of  one 
cubic  inch  of  water.  That  is,  the  upward 
pressure  exceeds  the  downward  pressure 
by  the  weight  of  a  volume  of  water  equal 
to  the  volume  of  the  body.  Fio.iit 

This  excess  of  upward  pressure  over  the  downward  pressure 
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acts  ag:ainst  gravity ;  that  is,  the  water  presses  the  body 
up  with  a  greater  force  than  it  presses  xtdown;  consequently, 
if  a  body  is  immersed  in  a  fluid,  it  will  lose  in  weight  an 
amount  equal  to  the  weight  of  the  fluid  it  displaces.  This  is 
called  the  principle  of  Arctalmcdes,  because  it  was  first 
stated  by  him. 

68 1  •  This  principle  may  be  experimentally  demonstrated 
with  the  beam  scales,  as  shown  in  Fig.  115, 

From  one  scale  pan  suspend  a  hollow  cylinder  of  metal  /, 
and  below  that  a  solid  cylinder  a  of  the  same  size  as  the 
hollow  part  of  the  up- 
per cylinder.  Put 
weights  in  the  other 
scale  pan  until  they  ex- 
actly balance  the  two 
,  cylinders.  If  a  be  im- 
mersed in  water,  the 
scale  pan  containing  the 
weights  will  descend, 
showing  that  a  has  lost 
some  of  its  weight.  ■ 
Now  fill  /  with  water, 
and  the  volume  of  water 

^ ^_  that  can  be  poured  into 

Wm^^^^^^^^^^—  t   -will   equal    that   dis- 

'''°-  '"■  placed  by  a.     The  scale 

pan  that  contains  the  weights  will  gradually  rise  until  t  is 
filled,  when  the  scales  balance  again. 

If  a  body  be  lighter  than  the  liquid  in  which  it  is  im- 
mersed, the  upward  pressure  will  cause  it  to  rise,  and  project 
partly  out  of  the  liquid,  until  the  weight  of  the  body  and 
the  weight  of  the  liquid  displaced  are  equal.  If  the  im- 
mersed body  be  heavier  than  the  liquid,  the  downward 
pressure  plus  the  weight  of  the  body  will  be  greater  than 
the  upward  pressure,  and  the  body  will  fall  downwards 
until  it  touches  bottom  or  meets  an  obstruction.  If  the 
weights  of  equal  volumes  of  the  liquid  and  the  body  are 
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equal,  the  body  will  remain  stationary,  and  be  in  equilibrium 

in  any  position  or  depth  beneath  the  surface  of  the  liquid, 

6Si2.  An  interesting  experiment  in  confirmation  of  the 
above  facts  may  be  performed  as  follows :  Drop  an  egg  into  a 
glass  jar  filled  with  fresh  water.  The  mean  density  of  the 
egg  being  a  little  greater  than  that  of  water,  it  will  fall  to 
the  bottom  of  the  jar.  Now,  dissolve  salt  in  the  water, 
stirring  it  so  as  to  mix  the  fresh  and  salt  water.  The  salt 
water  will  presently  become  denser  than  the  egg,  and  the 
egg  will  rise.  Now,  if  fresh  water  be  poured  in  until  the 
egg  and  water  have  the  same  density,  the  egg  will  remain 
stationary  in  any  position  that  it  may  be  placed  below  the 
surface  of  the  water. 


EXAMPLES  FOR  PBACXICE. 

1.  Suppose  a  cylinder  to  be  filled  with  water  and  placed  in  an 
upright  position.  If  the  diameter  of  the  cylinder  be  IS',  and  its  total 
length  inside  be  S6',  what  wilt  be  the  total  pressure  on  the  bottom 
when  a  pipe  i'  in  diameter  and  IS  ft.  long  is  screwed  .into  the  cylinder 
head  and  filled  with  water  ?    The  pipe  is  vertical.  Ana.  1.748.3  lb. 


S.  In  example  1,  a  piston  is  fitted  to  the  upper  end  of  the  pipe,  and 
an  additional  force  of  10  tb.  is  applied  to  the  water  in  the  pipe,  (a) 
What  is  the  total  pressure  on  the  bottom  of  the  cylinder  7  <^)  On  the 
upper  head  ?  I  (a)  16.184  lb. 

1  (*)  15.B0fl  lb. 

4.  In  example  8,  what  is  the  pressure  per  square  inch  in  the  pipe  2' 
from  the  upper  cylinder  head  7  Ans.  66.0656  lb,  per  sq.  in. 


5.  A  water  tower  80  feet  high  is  filled  with  water.  A  pipe  i'  in 
diameter  is  so  connected  to  the  side  of  the  tower  that  its  center  is 
8  feet  from  the  bottom.  If  the  pipe  is  closed  by  a  flat  cover,  what  is  the 
total  pressure  against  the  cover  ?  Ans.  420  lb. 

6.  In  the  last  example,  what  is  the  upward  pressure  per  square 
Inch  10  feet  from  the  bottom  of  the  tower  ? 

Ans.  30.8828  lb,  per  sq.  In. 

7.  A  cube  of  wood,  one  edge  of  which  measures  8  feet,  is  sunk  until 
the  upper  surface  is  40  feet  below  the  level  of  the  water;  what  is  the 
total  force  which  tends  to  move  the  cube  upwards  ?       Ans.  1,687.5  lb< 
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PNEUMATICS. 

S83.    PneumatlcB  is  that  branch  of  mechanics  which 
treats  of  the  properties  of  gases. 

5S4.  The  most  striking  feature  of  all  gases  is  their  ex- 
treme expansibility.  If  vie  inject  a  portion  of  gas,  however 
small  it  may  be,  into  a  vessel, 
it  will  expand  and  fill  that 
vessel.  If  a  bladder  or  foot- 
ball be  partly  filled  with  air, 
and  placed  under  a  glass  jar 
(called  a  receiver),  from  which 
the  air  has  been  exhausted, 
the  bladder  or  football  will 
immediately  expand,  as  shown 
in  Fig.  IIG.  The  force  which 
a  gas  always  exerts  when  con- 
fined in  a  limited  space  is 
called  tension.  The  word 
''  tension    in    this   case    means 

pressure,  and   is  only  used   in   this  sense  in  reference  to 


SS5.  As  water  is  the  most  common  type  of  fluids  so  air 
is  the  most  common  type  of  gases.  It  was  supposed  by  the 
ancients  that  atr  had  no  weight,  and  it  was  not  until  about 
the  year  1650  that  it  was  proven  that  air  really  had  weight. 
A  cubic  inch  of  air,  under  ordinary  conditions,  weighs 
,31  grain,  nearly.  At  a  temperature  of  34°  and  a  pressure  of 
14.7  pounds  per  square  inch,  the  ratio  of  the  weight  of 
air  to  water  is  about  1  :  7i4;  that  is,  air  is  only  ^^  as 
heavy  as  water.  In  Art.  5SO,  it  was  shown  that  if  a  body 
were  immersed  in  water,  and  weighed  less  than  the  volume 
of  water  displaced,  the  body  would  rise  and 'project  partly 
out  of  the  water.  The  same  is  true  to  a  certain  extent  of 
air.  If  a  vessel  made  of  light  material  be  filled  with  a  gas 
lighter  than  air,  so  that  the  total  weight  of  the  vessel  and 
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gas  is  less  than  the  air  they  displace,  the  vessel  will  rise.    It 
is  on  this  principle  that  balloons  are  made. 


686.  Since  air  has  weight,  it  is  evident  that  the  enor- 
mous quantity  of  air  that  constitutes  the  atmosphere  must 
exert  a  considerable  pressure  upon  the  earth.  This  is  easily 
proven  by  taking  a  long  glass  tube  closed  at  one  end,  and 
filling  it  with  mercury.  If  the  finger  be  placed  over  the  open 
end  so  as  to  keep  the  mercury  from  running  out,  and  the 
tube  inverted  and  placed  in  a  cup  of  mercury,  as  shown  in 
Fig,  117.  the  mercury  will  fall,  then  rise,  and  after  a  few 
oscillations  will  come  to  rest  at  a  height  above  the  top  of 
the  mercury  in  the  glass  equal  to  about  30  inches.  This 
height  will  always  be  the  same  under 
the  same  atmospheric  conditions. 
Now,  if  the  atmosphere  has  weight, 
it  must  press  upon  the  upper  sur- 
face of  the  mercury  in  the  glass  with 
equal  intensity  upon  every  square 
unit,  except  upon  that  part  of  the 
surface  occupied  by  the  tube.  In 
order  that  there  may  be  equilibrium, 
the  weight  of  the  mercury  in  the  tube 
must  be  equal  to  the  pressure  of  the 
air  upon  a  portion  of  the  surface  of  the 
mercury  in  the  glass,  equal  in  area 
to  the  inside  of  the  tube.  Suppose 
that  the  area  of  the  inside  of  the  tube 
is  1  square  inch,  then,  since  mercury 
is  13.6  times  as  heavy  as  water, 
the  weight  of  the  mercury  column 
is  .03617  X  13,6  X  30  =  14.7574  lb. 
The  actual  height  of  the  mercury  is 
a  little  less  than  30  inches,  and  the 
i  actual  weight  of  a  cubic  inch  of  dis- 
[  tilled  water  is  a  little  less  than  .03617 
When  these  considerations  are 
taken  into  account,  the  average  weight  of  the  mercurial 
B.  M.    I.— 16 
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column  at  the  level  of  the  sea,  when  the  temperature  is  60°, 
is  14.69  lb.,  or  practically  14.7  lb.  Since  this  weight,  when 
exerted  upon  1  square  inch  of  the  liquid  in  the  glass,  just 
produces  equilibrium,  it  is  plain  that  the  pressure  of  the 
outside  air  is  14.7  lb.  upon  every  square  inch  of  surface, 

587.  Vacuum. — The  space  between  the  upper  end  of 
the  tube  and  the  upper  surface  of  the  mercury  is  called  a 
vacuum,  meaning  that  it  is  an  entirely  empty  space,  and 
does  not  contain  any  substance,  solid,  liquid,  or  gaseous. 
If  there  were  a  gas  of  some  kind  there,  no  matter  how  small 
the  quantity  might  be,  it  would  expand,  filling  the  space, 
and  its  tension  would  cause  the  column  of  mercury  to  fall 
and  become  shorter,  according  to  the  amount  of  gas  or  air 
present.  The  space  is  then  called  a  partial  vacuum.  If  the 
mercury  fell  1  inch,  so  that  the  column  was  only  39  inches 
high,  we  should  say,  in  ordinary  language,  that  there  were 
Winches  of  vacuum.  If  it  fell  8  inches,  we  should  say  that 
there  were  23  inches  of  vacuum ;  if  it  fell  16  inches,  we  should 
say  that  there  were  14  inches  of  vacuum,  and  so  on.  Hence, 
when  the  vacuum  gauge  of  a  condensing  engine  shows 
36  inches  of  vacuum,  there  is  enough  air  in  the  condenser  to 

produce  a  pressure  of — ^^j —  X  14.7  =  jj;  X  14.7  =  1.96 lb. 

per  sq.  in.  In  all  cases  where  the  mercury  column  is  used  to 
measure  a  vacuum,  the  height  of  the  column  in  inches  gives 
the  number  of  inches  of  vacuum.  Were  the  column  only  5' 
high,  the  vacuum  would  be  5'. 

If  the  tube  had  been  filled  with  water  instead  of  mercury, 
the  height  of  the  column  of  water  to  balance  the  pressure 
of  the  atmosphere  would  have  been  30  X  13.6  =  408  inches 
=  34  feet.  This  means  that,  if  a  tube  be  filled  with  water, 
inverted,  and  placed  in  a  dish  of  water  in  a  manner  similar 
to  the  experiment  made  with  the  mercury,  the  height  of  the 
column  of  water  will  be  34  feet. 

588.  The  barometer  is  an  instrument  used  for  meas- 
uring the  pressure  of  the  atmosphere.     There  are  two  kinds 
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in   general  use— the   mercurial  barometer  and  the  aneroid 
barometer.      The    mercurial    barometer     ts 

shown  in  Fig.  118.  The  principle  is  the  same 
as  the  inverted  tube  shown  in  Fig.  117.  In  this 
case  the  tube  and  the  cup  at  the  bottom  are  prb- 

Il^f  tected  by  a  brass  or  iron  casing.  At  the  top  of 
|Hh  the  tube  is  a  graduated  scale  which  can  be  read  to 
'l^i  tbVt  of  ^i^  '"ch  by  means  of  a  vernier.  Attached 
"^F  to  the  casing  is  an  accurate  thermometer  for 
J!Ka  determining  the  temperature  of  the  outside  air  at 
the  time  the  barometric  observation  is  taken. 
ffl  This  is  necessary,  since  mercury  expands  when 
the  temperature  is  increased,  and  contracts  when 
the  temperature  falls ;  for  this  reason  a  standard 
temperature  is  assumed,  and  all  barometer  read- 
ings are  reduced  to  this  temperature.  This  stand- 
ard temperature  is  usually  taken  at  32°  F  ,  at 
which  temperature  the  height  of  the  mercurial 
column  is  30  inches.  Another  correction  is  made 
for  the  altitude  of  the  place  above  sea-level,  and 
a  third  correction  for  the  effects  of  capillary 
attraction, 

689.  In  Fig.  119  is  an  illustration  of  an 
aneroid  barometer.  These  instruments  are 
made  in  various  sizes,  from  the  size  of  a  watch  up 
to  8  or  10  inches  in  diameter.  They  consist  of  a 
cylindrical  box  of  metal  with  a  top  of  thin,  elastic 
corrugated  metal.  The  air  is  exhausted  from  the 
box.  When  the  atmospheric  pressure  increases, 
y^  the  top  is  pressed  inwards,  and  when  it  is  dimin- 

Fio,  118.  ished,  the  top  is  pressed  outwards  by  its  own  elas- 
ticity, aided  by  a  spring  beneath.  These  movements  of  the 
cover  are  transmitted  and  multiplied  by  a  combination  of 
delicate  levers,  which  act  upon  an  index  hand,  and  cause  it 
to  move  either  to  the  right  or  left,  over  a  graduated  scale. 
These  barometers  are  self-correcting  (compensated)  for  vari- 
ations in  temperature.     They  are  very  portable,  occupying 
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but  a  small  space,  and  are  so  delicate  that  they  arc  said  to 
show  a  diSeretice  in  the  atmospheric  pressure  when  trans- 


FIG.  IID. 

ferred  from  the  table  to  the  floor.     The  mercurial  barometer 
is  the  standard. 

690.  With  air,  as  with  water,  the  lower  we  get  the 
greater  the  pressure,  and  the  higher  we  get  the  less  the 
pressure.  At  the  level  of  the  sea,  the  height  of  the  mercurial 
column  is  about  30  inches;  at  5,000  feet  above  the  sea,  it  is 
24.7  inches;  at  10,000  feet  above  the  sea,  it  is  20.5  inches; 
at  15,000  feet,  it  is  16.9  inches;  at  3  miles,  it  is  16.4  incheSj 
and  at  6  miles  above  the  sea -level,  it  is  8.9  inches. 

The  density  or  weight  of  the  atmosphere  also  varies  with 
the  altitude;  that  is,  a  cubic  foot  of  air  at  an  elevation  of 
5,000  feet  above  the  sea-level  will  not  weigh  as  much  as  a 
cubic  foot  at  sea-level.     This  is  proven  conclusively  by  the 


.dbyGoogle 


MECHANICS.  887 

fact  that  at  a  height  of  3}  miles  the  mercurial  column 
measures  but  15  inches,  indicating  that  half  the  weight  of 
the  entire  atmosphere  is  below  that.  It  is  known  that  the 
height  of  the  earth's  atmosphere  is  at  least  50  miles;  hence, 
the  air  just  before  reaching  the  limit  must  be  in  an  exceed- 
ingly rarefied  state.  It  is  by  means  of  barometers  that 
great  heights  are  measured.  The  aneroid  barometer  has 
the  heights  marked  on  the  dial,  so  that  they  can  be  read 
directly.  With  the  mercurial  barometer,  the  heights  must 
be  calculated  from  the  reading. 

691.  The  atmospheric  pressure  is  everywhere  present, 
and  presses  all  objects  in  all  directions  with  equal  force.  If 
a  book  is  laid  upon  the  table,  the  air  presses  upon  it  in  every 
direction  with  an  equal  average  force  of  14.7  pounds  per 
square  inch.  It  would  seem  as  though  it  would  take  con- 
siderable force  to  raise  a  book  from  the  table,  since,  if  the 
size  of  the  book  were  8  inches  by  5  inches,  the  pressure  upon 
it  would  be  8x5x14-7  =  588  lb. ;  but  there  is  an  equal 
pressure  beneath  the  book  which  counteracts  the  pressure 
on  the  top.  It  would  now  seem  as  though  it  would  require 
a  great  force  to  open  the  book,  since  there  are  two  pressures 
of  588  pounds  each  acting  in  opposite  directions  and  tend- 
ing to  crush  the  book;  so  it  would,  but  for  the  fact  that 
there  is  a  layer  of  air  between  each  leaf  acting  upwards  and 
downwards  with  a  pressure  of  14.7  pounds  per  square  inch. 
If  two  metal  plates  be  made  as  perfectly  smooth  and  flat  as 
it  is  possible  to  get  them,  and  the  edge  of  one  be  laid  upon 
the  edge  of  the  other,  so  that  one  may  be  slid  upon  the 
other  and  thus  exclude  the  air.  it  will  take  an  immense 
force,  compared  to  the  weights  of  the  plates,  to  separate 
them.  This  is  because  the  full  pressure  of  14.7  pounds  per 
square  inch  ts  then  exerted  upon  each  plate,  with  no 
counteracting  equal  pressure  between  them. 

If  a  piece  of  flat  glass  be  laid  upon  a  fiat  surface  that  has 
been  previously  moistened  with  water,  it  will  require  con- 
siderable force  to  separate  them ;  this  is  because  the  water 
helps  to  fill  up  the  pores  in  the  flat  surface  and  glass,  and 
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thus  creates  a  partial  vacuum  between  the  glass  and  the  sur- 
face,  thereby  reducing  the  counter  pressure  beneath  the  glass, 

692.    TenBlon  of  Gasea In  Fig.  117,  the  space  above 

the  column  of  mercury  was  said  to  be  a  vacuum,  and  it  was 
also  said  that  if  any  gas  or  air  were  present,  it  would  ex- 
pand, its  tension  forcing  the  column  of  mercury  downwards. 
If  sufficient  gas  be  admitted  to  cause  the  mercury  to  stand 


per  square  inch,  since  the  pressure  of  the  outside  air,  14  7  Ib. 
per  square  inch,  now  balances  only  15  instead  of  30  inches 
of  mercury;  that  is,  it  balances  only  half  as  much  as  it 
would  if  there  were  no  gas  in  the  tube ;  therefore,  the  pres- 
sure (tension)  of  the  gas  in  the  tube  is  7. 35  pounds.  If  more 
gas  be  forced  into  the  tube  until  the  top  of  the  mercurial 
column  is  just  level  with  the  mercury  in  the  cup,  the  gas  in 
the  tube  will  then  have  a  tension  equal  to  the  outside  pres- 
sure of  the  atmosphere.  Suppose  that  the  bottom  of  the 
tube  is  fitted  with  a  piston,  and  that  the  total  length  of  the 
inside  of  the  tube  is  36  inches.  If  the  piston  be  shoved  up- 
wards so  that  the  space  occupied  by  the  gas  is  18  inches 
long  instead  of  36  inches,  the  temperature  remaining  the 
same  as  before,  it  will  be  found  that  the  tension  of  the  gas 
within  the  tube  is  29.4  lb.  It  will  be  noticed  that  the 
volume  occupied  by  the  gas  is  only  half  that  in  the  tube 
before  the  piston  was  moved,  while  the  pressure  is  twice  as 
great,  since  14.7  X  2  =  29  4  lb.  If  the  piston  be  shoved  up, 
so  that  the  space  occupied  by  the  gas  is  only  9  inches,  in- 
stead of  18  inches,  the  temperature  still  remaining  the 
same,  the  pressure  will  be  found  to  be  58.8  pounds  per 
square  inch.  The  volume  has  again  been  reduced  one-half, 
and  the  pressure  increased  two-fold,  since  29  4  X  2  =  58.8  lb. 
The  space  now  occupied  by  the  gas  is  9  inches  long,  whereas, 
before  the  piston  was  moved,  it  was  36  inches  long;  as  the 
tube  was  assumed  to  be  of  uniform  diameter  throughout  its 

length,  the  volume  is  now  q^  =  t  of  its  original  volume,  and 


.dbyGoogle 


MECHANICS.  989 

its  pressure  is -7-j-y=  4  times  its  original  pressure.  More- 
over, if  the  temperature  of  the  confined  gas  remains  the 
same,  the  pressure  and  volume  will  always  vary  in  a  similar 
way. 

693.  The  law  which  states  these  effects  is  called 
Mariotte's  law,  and  is  as  follows : 

Marlotte's  Z^aw. —  The  temperature  remaining  the  same, 
the  volume  of  a  given  quantity  of  gas  varies  inversely  as  the 
pressure. 

The  meaning  of  the  law  is  this;  If  the  volume  of  a  gas 
be  diminished  to  J,  J,  \,  etc.,  of  its  former  volume,  the  ten- 
sion will  be  increased  %,  3,  5,  etc.,  times,  or  if  the  outside 
pressure  be  increased  2,  3,  5,  etc.,  times,  the  volume  of  the 
gas  will  be  diminished  to  \,  ^,  \,  etc.,  of  its  original  volume, 
the  temperature  remaining  constant.  It  also  means  that  if 
a  gas  is  under  a  certain  pressure,  and  this  pressure  is  dimin- 
ished to  i-,  t,  -i>5-,  etc.,  of  its  original  intensity,  the  volume  of 
the  confined  gas  will  be  increased  2,  4,  10,  etc.,  times — its 
tension  decreasing  at  the  same  rate. 

Suppose  3  cubic  feet  of  air  to  be  under  a  pressure  of 
60  pounds  per  square  inch  in  a  cylinder  fitted  with  a  movable 
piston,  then  the  product  of  the  volume  and  pressure  is 
3  X  60  =  180,  Let  the  volume  be  increased  to  6  cubic  feet, 
then  the  pressure  will  be  30  pounds  per  square  inch,  and 
30  X  6  =  180,  as  before.     Let  the  volume  be  increased  to 

24  cubic  feet;  it  is  then  -^  =  8  times  its  original  volume, 

and  the  pressure  is  ^  of  its  original  pressure,  or  60  X  i  =  7i 
lb.,  and  24  x  7^=  180,  as  in  the  two  preceding  cases.  It 
will  now  be  noticed  that  if  a  gas  be  enclosed  within  a  con- 
fined space,  and  allowed  to  expand  without  losing  any  heat, 
ike  product  of  the  pressure  and  the  corresponding  volume  for 
any  one  position  of  the  piston  is  the  same  as  for  any  other 
position.  If  the  piston  were  forced  inwards  so  as  to  com- 
press the  air,  the  same  results  would  be  obtained. 
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694.  If  the  volume  of  the  vessel  and  the  pressure  of 
the  gas  are  known,  and  it  is  desired  to  know  the  pressure 
after  the  first  volume  has  been  changed : 

Rule  lOO. — Divide  the  product  of  the  first,  or  original, 
volume  and  pressure  by  the  new  volume;  ike  result  will  be  the 
new  pressure. 

Oi",  let/  =  original  pressure; 
/,  =  final  pressure ; 

V  =  volume  corresponding  to  the  pressure  p\ 
V,  =  volume  corresponding  to  the  pressure  p,. 

Th.«,  A  =  -^- 

Example.— At  the  point  of  cut-off  in  a  steam  engine,  the  amount  of 
steam  in  the  cylinder  Is  863  cu.  in.  The  pressure  at  this  point  is  120 
lb.  per  sq.  in.  What  will  be  the  pressure  of  the  steam  when  the  piston 
has  reached  the  end  of  its  stroke,  and  the  volume  Is  1,800  cu.  in.? 

86S  V  120 
Solution.— Applying  the  rule,  —  -  =  67.47  lb.  per  sq.  In.    Ans. 

695.  If  it  is  required  to  determine  the  volume  after  a 
change  in  the  pressure: 

Rule  110. — Divide  the  product  of  tlie  original  volume 
and  pressure  by  the  new  pressure ;  the  result  will  be  the  new 
volume. 

Or,  using  the  same  letters  as  before, 


Example.— At  the  commencement  of  compression,  the  volume  oE 
the  steam  Is  880  cu.  in.,  and  the  pressure  Is  18  lb.  per  sq.  in.  At  the 
end  of  compression,  the  pressure  is  1121b.  persq.  in.  What  Is  the  final 
volume  ? 

Solution. — Applying  the  rule,  — -rr^ —  =  61.07  cu.  In.    Ans. 

Example.— A  vessel  contains  10  cu.  ft.  of  air  at  a  pressure  of  IS  lb. 
per  sq.  in.,  and  has  2C  cu.  ft.  of  air  of  the  same  pressure  forced  Into  it; 
what  is  the  resulting  pressure  ? 

Solution.— The  original  volume  =  10  +  25  =  85  cu.  ft  The  original 
pressure  fa  15  lb.  per  sq.  In.     The  final  volume  is  10  cu.  ft.    Hence, 

applying  rule  109,  — jg —  =  53.5  lb.  per  sq.  in.    Ans. 
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It  must  be  remembered  that  in  the  preceding  examples 
the  temperature  is  supposed  to  remain  constant. 


BXAMPI.BS  FOR    PRACTICB. 

1.  A  vessel  contains  25  cubic  feet  of  gas,  at  a  pre^ure  of  18  lb.  per 
sq.  in. ;  if  125  cu.  ft.  of  gas  having  the  same  pressure  are  forced  into 
the  vessel,  what  will  be  the  resulting  pressure  ?   Ans.  108  !b.  per  sq.  in. 

S.  The  volume  of  steam  in  the  cylinder  of  a  steam  engine  at  cut-off 
is  1.85  cu.  ft.,  and  the  pressure  is  85  lb.  per  sq.  in.  The  pressure  at  the 
end  of  the  stroke  is  25  lb.  per  sq.  in.    What  Is  the  new  volume } 

Ans.  4.6B  cu.  fc 

S.  A  receiver  contains  180  cu.  fL  of  gas,  at  a  pressure  of  20  lb.  per 
sq.  in. ;  if  a  vessel  holding  12  cu.  ft.  be  filled  from  the  larger  vessel 
until  its  pressure  is  20  lb.  per  sq,  in.,  what  will  be  the  pressure  in  the 
larger  vessel  J  Ans.  1B|  lb.  per  sq.  in. 

4.  A  spherical  shell  has  a  part  of  the  air  within  It  removed,  forming 
a  partial  vacuum;  If  the  outside  diameter  of  the  shell  Is  18',  and  the 
pressure  of  the  air  within  is  5  lb.  per  sq.  in.,  what  la  the  total  pressure 
tending  to  crush  the  shell !       Ans.  0,873.43  lb. 

PNEUMATIC    MACHINES. 

696.     Tbe  Air  Pump. —  The  air  pump  is  an  instrument 

for  removing  air  from  a  given  space.     A  section  of  the 


Fio.  19) 

principal  parts  is  shown  in  Fig.  120,  and  tlie  complete  instru- 
ment in  Fig.  121.  The  closed  vessel  R  is  called  the 
receiver,  and  the  space  which  it  encloses  is  that  from  which 
it  is  desired  to  remove  the  air.     It  is  usually  made  of  glass, 
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and  the  edges  are  ground  so  as  to  be  perfectly  air-tight. 
When  made  in  the   form  shown,    it   is  called   a    bell-Jar 
receiver.    Thereceiver  restsupon  ahorizontal  plate,  in  the 
center  of  which  is  an  opening  communicating  with  the  pump 
cylinder  Chy  means  of  the  passage  /  I.     The  pump  piston 
fits  the  cylinder  accurately,  and  has  a  valve  V  opening  up- 
wards.   Where  the  passage  ^  t  joins  the  cylinder,  is  another 
valve  V,  also  opening  upwards.     When  the  piston  is  raised, 
the  valve  V  closes,  and,  since  no  air  can  get  into  the  cylin- 
der from  above,  the  piston  leaves  a  vacuum  behind  iL     The 
pressure  upon  F' being  now  removed,  the  tension  of  the  air 
in  the  receiver  R  causes  f' to  rise;  the  air  in  the  receiver 
and  passage  i  t  then  expands  so  as  to  occupy  the  additional 
space  provided  by  the   upward   movement   of  the  piston. 
The    piston     is     now 
pushed    down,    the 
valve    V  closes,    the 
valve    V  opens,   and 
the  air  in  C  escapes. 
The  lower  valve  V  is 
sometimes  supported, 
as  shown  in  Fig.  120, 
by  a  metal  rod  passing 
through    the    piston, 
and   Btting    it    some- 
what   tightly.     When 
the  piston  is  raised  or 
lowered,    this    rod 
moves  with  it.    A  but- 
ton near  the  upper  end 
of  the  rod  confines  its 
motion     within     very 
narrow  limits,  the  pis- 
ton  slidmg   upon   the 
rod  during  the  greater  part  of  the  journey. 

In  the  complete  form  of  the  instrument  shown  in  Fig.  131, 
communication  between  receiver  and  pump  is  made  by 
means  of  the  tube  /. 
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697.     Dcicrees  and  Limits  of  Ezfaaustlon. — Sup- 
pose that  the  volume  of  R  and  t  together  is  four  times  that 
of  C,  Fig.  121,  and  that  there  are  say  300   grains  of   air 
in    R  and   t,    and  50  grains  in  C   when  the  piston  is  at 
the  top  of  the  cylinder.     At  the  end  of  the  first  stroke, 
when   the   piston   is  again    at   the   top,    50  grains   of    air 
in    the    cylinder    C   will    have    been    removed,    and     the 
200  grains  in  R  and  /  will  occupy  the  space  R,  t.  and  C.    The 
ratio   between    the  sum  of  the  spaces   R  and  ^,  and   the 
total  space  .S  +  r  +  C  is  ^ ;  hence,  200  X  |  =  160  grains  = 
the  weight  of  air  in  R  and  t  after  the  first  stroke.     After  the 
second  stroke,  the  weight  of  the  air  in  R  and  t  would  be 
(200  X  i)  X  I  =  200  X  (t)'  =  200  X  H  =  128    grains.      At 
the  end  of  the  third  stroke  the  weight  would  be  [200  X  (|)'] 
X  j  =  200  X  (j)'  =  200  X  M  =  103.4  grains.     At  the  end 
of  «  strokes  the  weight  would  be  200  X  (t)"-     It  is  evident 
that  it  is  impossible  to  remove  all  of  the  air  that  is  contained 
in  R  and  t  by  this  method.     It  requires  an 
exceedingly  good  air  pump  to  reduce  the 
tension  of  the  air  in  ^  to  ^  of  an  inch  of 
mercury.      When  the  air  has  become  so 
rarefied  as  this,  the  valve  V  will  not  lift, 
and,   consequently,   no  more  air   can  be 
exhausted. 

598.      Maedebure    Hemispheres.  | 

— By  means  of  the  two  hemispheres  shown 

in  Fig.   122,   it   can  be   proven  that   the 

atmosphere  presses  upon  a  body  equally 

in   all  directions.      They   were   invented 

by   Otto   Von  Guericke,   of   Magdeburg, 

and  are  called  the  Magdeburg  hemispheres. 

One  of  the  hemispheres  is  provided  with  a 

stop-cock,  by  which  it  can  be  screwed  on 

to  an  air  pump.     The  edges  fit  accurately,  and   are  well 

greased,  so  as  to  be  air-tight.     As  long  as  the  hemispheres 

contain  air,  they  can  be  separated  with  no  difficulty;  but 

when  the  air  in  the  interior  is  pumped  out  by  means  o£  an 
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air  pump,  they  can  be  separated  only  with  great  difficulty. 
The  force  required  to  separate  them  will  be  equal  to  the 
area  of  the  largest  circle  of  the  hemisphere  in  square  inches 
multiplied  by  14.7  pounds. 

This  force  will  be  the  same  in  whatever  position  the  hem- 
isphere may  be  held,  thus  proving  that  the  pressure  of  air 
upon  it  is  the  same  in  all  directions. 

:    called    S 


599.  The  Weight  Lifter. — The  pressure  of  the  at- 
mosphere is  very  clearly  shown  by  means  of  an  apparatus 
like  that  illustrated  in  Fig.  123.  Here  a 
cylinder  fitted  with  a  piston  is  held  in  sus- 
pension by  a  chain.  At  the  top  of  the 
cylinder  Is  a  plug  A  which  cjn  be  taken 
out.  This  plug  is  removed,  the  piston 
pushed  up  {the  force  necessary  being  equal 
to  the  weight  of  the  piston  and  rod  B) 
until  it  touches  the  cylinder  head.  The 
plug  is  then  screwed  in,  and  the  piston 
will  remain  at  the  top  until  a  weight  has 
been  hung  on  the  rod  equal  to  the  number 
of  pounds  obtained  by  multiplying  the 
number  of  square  inches  in  the  piston  by 
14.7  pounds,  and  subtracting  therefrom 
the  weight  of  the  piston  and  rod  in  pounds. 
If  a  force  sufficiently  great  were  em- 
ployed to  pull  the  piston  downwards,  and 
then  any  less  weight  were  attached,  as 
shown  in  Fig.  123,  the  piston  would  ascend 
and  carry  the  weight  up  with  it. 

600.     Suppose  the  weight   to  be   re- 
moved, and  the  piston  to  be  supported,  say 
midway   of  the   length   of  the   cylinder. 
Let  the  plug  be  removed,  and  air  admit- 
FiG,  12S.  ted  above  the  piston,  then  screw  the  plug 

back  into  its  place;    if  the  piston   be  shoved  upwards^ 
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the  further  up  it  goes  the  greater  will  be  the  force  neces- 
sary to  push  it,  on  account  of  the  compression  of  the 
air.  If  the  piston  is  of  large  diameter  it  will  also  require 
a  great  force  to  pull  it  out  of  the  cylinder,  as  a  little  consid- 
eration will  show.  For  example,  let  the  diameter  of  the 
piston  be  20  inches,  the  length  of  the  cylinder  36  inches,  and 
the  weight  of  the  piston  and  rod  100  pounds.  If  the  piston 
is  in  the  middle  of  the  cylinder,  there  will  be  18  inches  of 
space  above  it,  and  18  inches  of  space  below  it.  The  area  of 
the  piston  is  20'  X  .7864  =  314.16  square  inches,  and  the  at- 
mospheric pressure  upon  it  is  314.16X14.7  =  4,618  lb., 
nearly.  In  order  to  shove  the  piston  upwards  9  inches,  the 
pressure  upon  it  must  be  twice  as  great,  or  9,236  pounds, 
and  to  this  must  be  added  the  weight  of  the  piston  and  rod, 
or  9,236  + 100  =  9,336  lb.  The  force  necessary  to  cause  the 
piston  to  move  upwards  9  inches  would  then  be  9,336  —  4,618 
=  4,718  lb.  Now,  suppose  the  piston  to  be  moved  down- 
wards until  it  is  just  on  the  point  of  being  pulled  out  of  the 
cylinder.  The  volume  above  it  will  then  be  twice  as  great 
as  before,  and  the  pressure  one-half  as  great,  or  4,618  -i-  8 
=  3,309  lb.  The  total  upward  pressure  will  be  the  pressure 
of  the  atmosphere  less  the  weight  of  the  piston  and  rod,  or 
4,618  —  100  =  4,518  lb.,  and  the  force  necessary  to  pull  it 
downwards  to  this  point  will  be  4,618  —  2,309  =  2,209  lb. 

601.  Air  Compressors. — For  many  purposes  com- 
pressed air  is  preferable  to  steam  or  other  gas  for  use  as  a 
motive  power.  In  such  cases  atr  compressors  are  used 
to  compress  the  air.  These  are  made  in  many  forms,  but 
the  most  common  one  is  to  place  a  cylinder,  called  the  air 
cyliader,  in  front  of  the  cross-head  of  a  steam  engine,  so 
that  the  piston  of  the  air  cylinder  can  be  driven  by  at- 
taching its  piston  rod  to  the  cross-head,  in  a  manner  similar 
to  a  steam  pump.  A  cross-section  of  the  air  cylinder  of  a 
compressor  of  this  kind  is  shown  in  Fig.  124,  in  which  A  is 
the  piston,  and  B  is  the  piston  rod,  driven  by  the  cross-head 
of  a  steam  engine,  not  shown  in  the  figure.  Both  ends  of 
the  lower  half  of  the  cylinder  are  fitted  with  inlet  valves  D 
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and  ly  which  allow  the  air  to  enter  the  cylinder,  and  both 
ends  of  the  upper  half  are  fitted  with  discharge  valves  F  and  - 


F'  which  allow  the  air  to  escape  from  the  cylinder  after  it 
has  been  compressed  to  the  required  pressure. 

602.  Suppose  the  piston  A  to  be  moving  in  the  direction 
of  the  arrow,  then  the  inlet  valves  D  in  the  left-hand  end  of 
the  cylinder  from  which  the  piston  is  moving  will  be  forced 
inwards  by  the  pressure  of  the  atmosphere,  which  over- 
comes the  resistance  of  a  light  spring  C,  thus  allowing  the 
air  to  flow  in  and  fill  the  cylinder.  On  the  other  side  of  the 
piston,  the  air  is  being  compressed,  and,  consequently,  it 
acts  with  the  springs  5  to  force  the  inlet  valves  D'  in  the 
right-hand  end  of  the  cylinder  to  their  seats.  In  the  right- 
hand  end  of  the  cylinder,  the  discharge  valves/"'  are  opened 
when  the  pressure  of  the  air  in  the  cylinder  is  great  enough 
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to  overcome  the  resistance  of  the  Ught  springs  E'  and  the 
tension  of  the  air  in  the  passages  leading  to  the  discharge 
pipe  H,  and  in  the  left-hand  end  of  the  cylinder  the  dis- 
charge  valves  J^  are   pressed   against   their  seats   by  the 
springs  £  and  the  tension  of  the  air  in  the  passages.  Suppose 
it  is  desired  to  compress  the  air  to  59 
pounds  per  square  inch,  and  we  i 
to  find  at  what  point  of  the  stroke 
discharge  valves  will  open.     Now 
pounds   per   square  inch  =  4  atr 
pheres.very  nearly;  hence.the voli 
must  be  i  of  the  volume  at  atr 
pheric  pressure,  or  the   valves 
open  when  the  piston  has  traveli 
of  its  stroke. 

Considerable  heat  is  developet 
the  compression  of  the  air;  this  1 
increases  the  work  required  to  c 
press  the  air.  The  loss  of  wor 
reduced  by  surrounding  the  cylit 
with  a  ^vatcr-jacket,  a  hollow  s] 
which  receives  cold  water  from 
pipes  K,  K  to  be  discharged  w 
heated  through  the  pipe  L. 

603.     Hero's    Fountain 

Hero's  fountain  derives  its  n 
from  its  inventor,  Hero,  who 
lived  at  Alexandria  120 B.C.;  it 
is  shown  in  Fig.  125.  It  depends 
for  its  operation  upon  the  elastic  fig.  las. 

properties  of  air.  It  consists  of  a  brass  dish  A  and  two  glass 
globes  B  andC.  The  dish  communicates  with  the  lower  part 
of  the  globe  Cby  means  of  along  tube/?,  and  another  tube  £ 
connects  the  two  globes.  A  third  tube  passes  through  the 
dish  A  to  the  lower  part  of  the  globe  B.  This  last  tube  being 
taken  out,  the  globe  B  is  partially  filled  with  water,  the  tube 
is  then  replaced,  and  water  is  poured  into  the  dish.     The 
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water  floTs  through  the  tube  D  into  the  lower  globe,  and  ex- 
pels the  air,  which  is  forced  into  the  upper  globe.  The  air 
thus  compressed  acts  upon  the  water  and  makes  it  jet  out  as 
represented  in  the  figure.  Were  it  not  for  the  resistance  of 
the  atmosphere  and  friction,  the  water  would  rise  to  a  height 
above  the  water  in  the  dish  equal  to  the  difference  of  the 
level  of  the  water  in  the  two  globes. 

604.  The  Siphon. — The  action  of  the  siphon  illustrates 
the  effect  of  atmospheric  pressure.  It  is  simply  a  bent  tube 
of  unequal  branches,  open  at 
both  ends,  and  is  used  to  con- 
vey a  liquid  from  a  higher 
point  to  a  lower,  over  an  in- 
termediate point  higher  than 
either.  In  Fig.  126,  A  and  B 
are  two  vessels,  B  being  lower 
than  A ,  and  A  CB  is  the  bent 
tube,  or  siphon.  Suppose  this 
tube  to  be  filled  with  water 
and  placed  in  the  vessels  as 
shown,  with  the  short  branch 
^  C  in  the  vessel  A.  The 
water  will  fiow  from  the  vessel 
A  into  B,  as  long  as  the  level 
of  the  water  in  B  is  below  the 
Fio,  M.  level   of   the  water  in  A,  and 

the  level  of  the  water  in  A  is  above  the  lower  end  of  the  tube 
A  C.  The  atmospheric  pressure  upon  the  surfaces  of 
A  and  B  tends  to  force  the  water  up  the  tubes  A  C 
and  B  C.  When  the  siphon  is  filled  with  water  each  of 
these  pressures  is  counteracted  in  part  by  the  pressure 
of  the  water  in  that  branch  of  the  siphon  which  is  im- 
mersed in  the  water  upon  which  the  pressure  is  exerted. 
The  atmospheric  pressure  opposed  to  the  weight  of  the 
longer  column  of  water  will,  therefore,  be  more  resisted 
than  that  opposed  to  the  weight  of  the  shorter  column; 
consequently,  the  pressure  exerted  upon  the  shorter  column 
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will   be   greater  than  that   upon  the   longer  column,  and 
this  excess  pressure  will  produce  motion. 

605.  Let  A  =  the  area  of  the  tube; 

h  ^^D  C  ~  the  vertical  distance  between  the 

surface  of  the  water  in  B,  and  the  highest 

point  of  the  center  line  of  the  tube; 

k^=E  C  =  the  distance  between  the  surface 

of  the  water  in  A ,  and  the  highest  point  of 

the  center  line  of  the  tube. 

The  weight  of  the  water  in  the  short  column  is  .03617  X 

A   A,,  and   the  resultant  atmospheric  pressure  tending  to 

force  the  water  up  the  short  column  is  14,7  X  A  —  .03617  X 

A  A,.     The  weight  of  the   water   in   the   long  column   is 

.03617  A  h,  and  the  resultant  atmospheric  pressure  tending 

to  force  the  water  up  the  long  column  is  1^.1  A  —.03617  A  k. 

The  difference  between  these  two  is  (14.7  A  —  .03617  A  A,) 

-(14.7  ^  -  .03617  A  k)  =  .03617  A  (A  -  //,).     But  /i  -  A,= 

E  D  =  the  difference  between  the  levels  of  the  water  in  the 

two  vessels.     In  the  above,  k  and  //,  were  taken  in  inches, 

and  A  in  square  inches. 

It  will  be  noticed  that  the  short  column  must  not  be 
higher  than  34  feet  for  water,  or  the  siphon  will  not  work, 
since  the  pressure  of  the  atmosphere  will  not  support  a 
column  of  water  that  is  higher  than  34  feet. 

606.  The  Injector. — A  section  of  an  injector  is  shown 
in  Fig,  137.  There  are  many  different  kinds  of  these  in- 
struments, but  the  principle  is  the  same  in  all.  When  they 
are  used  for  lifting  water  from  a  point  below  the  discharge 
orifice,  and  forcing  it  into  the  boiler  of  a  steam  engine  or 
locomotive,  they  depend  for  their  lifting  action  upon  the 
creation  of  a  partial  vacuum  by  the  action  of  steam.  In 
the  injector,  Fig.  127,  ^  is  the  connection  for  the  steam  pipe 
from  the  boiler,  P  is  the  connection  for  the  pipe  from  the 
water  supply,  N  is  the  connection  to  which  the  discharge 
pipe  leading  to  the  boiler  is  attached,  and  the  waste  water  and 
8team  are  discharged  through  the  overflo.'w  nozzle  O. 

llJi.    l.—ll 
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607.  The  method  of  operation  is  as  follows:  The  valve 
B  is  first  opened  by  turning  the  wheel  \V\  the  primer  valve 
R  is  then  opened  by  the  handle /,  thus  permitting  steam  to 
flow  through  the  passage  E  and  a  connection,  not  shown  in 
the  figure,  to  the  nozzle  u.  From  a  the  jet  of  steam  rushes  out 
through  0.  A  passage  connects  the  chamber  surrounding 
u  with  the  space  above  the  valve  L.  The  jet  of  steam  from 
u  out  through  O  carries  with  it  the  air  in  the  chamber  to 
which  0  is  connected,  thus  forming  a  partial  vacuum  in  the 
space  above  Z;  the  air  in  the  passages  D,  C_  G,  //,  K,  T, 
and  in  the  water  pipe  connected  at  P  is  thus  drawn  out 


through  the  valve  L,  and  a  partial  vacuum  is  formed  which 
permits  the  pressure  of  the  atmosphere  to  force  water 
through  P  until  it  finally  fills  the  passages  and  flows  out 
through  L  and  the  overflow  nozzle  O.  As  soon  as  water 
appears  at  O,  the  valve  R  is  closed  and  the  main  steam  valve 
A  is  opened  by  the  wheel  S,  thus  admitting  steam  to  the 
passages  C,  If,  K.  This  steam  draws  water  from  G  through 
the  opening  surroimrling  //  and  discharges  it  through  K 
with  such  a  hij-h  velocity  that  it  rushes  past  ttie  opening  7 
into  the  nozzle  M  and  thence  into  the  boiler. 
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PUMPS. 
60S>     Tbe  Suction  Pump. — A  section  of  an  ordinary 
suction  pump  is  shown  in  Fig.  128.     Suppose  the  piston  to 
be  at  the  bottom  of  the  cylinder,  and  to  be  just  on  the  point 
of  moving  upwards  in  the  direction  of  the  arrow.     As  the 
piston  rises  it  leaves  a  vacuum  behind  it,  and  the  atmos- 
pheric pressure  upon  the  surface  of  the  water  in  the  well 
causes  it  to  rise  in  the  pipe  P  for  the  same  reason  that  the 
mercury  rises  in  the  barometer  tube.     The  water  rushes  up 
the  pipe  and  lifts  the  valve  V,  filling  the  empty  space  in  the 
cylinder  B  displaced  by  the  piston.     When  the  piston  has 
reached  the  end  of  its  stroke  the  water  entirely  fills  the 
space  between  the  bottom  of  the  piston  and  the  bottom  of 
the  cylinder,  and  also  the  pipe  P.     The  instant  that  the  pis- 
ton begins  its  down  stroke,  the  water  in  the  chamber  B 
tends  to  fall  back  into  the  well,  and  its  weight  forces  the 
valve  V  to  its  seat,  thus  preventing  any  downward  flow  of 
the  water.     As    the 
piston   descends   the 
water  must  give  way 
to   it,  and,  since  the 
valve  V  is  closed,  the 
valves  «,«  must  open, 
and   thus   allow    the 
water     to     pass 
through  the    piston, 
as  shown  in  the  right- 
hand  figure.     When 
the      piston     has 
reached  the  end  of  its 
downward  stroke.the 
weight  of  the  water 
above     closes     the 

valves  K,  zi.     All  the  ^xq.  lat 

water  resting  on  the  top  of  the  piston  is  then  lifted  with  the 
piston  on  its  upward  stroke,  and  discharged  through  the 
spout  A,  the  valve  V  again  opening,  and  the  water  filling 
the  space  below  the  piston  as  before. 
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609>  It  is  evident  that  the  distance  between  the  piston 
when  at  top  of  its  stroke  and  the  surface  of  the  water  in  the 
well  must  not  exceed  34  feet,  the  highest  column  of  water 
which  the  pressure  of  the  atmosphere  will  sustain,  since, 
otherwise,  the  water  in  the  pipe  would  not  rise  up  and  fill 
the  cylinder  as  the  piston  ascended.  In  practice,  this  dis- 
tance should  not  exceed  28  feet.  This  is  due  to  the  fact 
that  there  is  a  little  air  left  between  the  bottom  of  the 
piston  and  the  bottom  of  the  cylinder,  a  little  air  leaks 
through  the  valves,  which  are  not  perfectly  air-tight,  and  a 
pressure  is  needed  to  raise  the  valve  against  its  weight, 
which,  of  course,  acts  downwards.  There  are  many  varie- 
ties of  the  suction  pump,  differing  principally  in  the  valves 
and  piston,  but  the  principle  is  the  same  in  all. 

610.     The    Llftlns    Pump.— 

A  section  of  a  lifting  pump  is  shown 
in  Fig.  120  These  pumps  are  used 
when  water  is  to  be  raised  to  greater 
heignts  than  can  be  done  with  the 
ordinary  suction  pump.  As  will  be 
perceived,  it  is  essentially  the  same 
as  the  pump  previously  described, 
except  that  the  spout  is  fitted  with 
a  cock  and  has  a  pipe  attached  to  it, 
leading  to  the  point  of  discharge. 
If  it  is  desired  to  discharge  the  water 
at  the  spout,  the  cock  may  be  opened ; 
otherwise,  the  cock  is  closed,  and 
the  water  is  lifted  by  the  piston  up 
through  the  pipe  P  to  the  point  of 
discharge,  the  valve  C  preventing  it 
from  falling  back  into  the  pump, 
PIC.  we.  ^"(i    the    valve    V   preventing    the 

water  in  the  pump  from  falling  back  into  the  welL 

611.  Fore©  Pumpa — The  force  pump  differs  from 
the  lifting  pump  in  several  important  particulars,  but 
chiefly  in  the  fact  that  the  piston  is  solid ;  that  is,  it  has 
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no  valves.     A  section  of  a  suction  and  force  pump  is  shown 
in    Fig.     130.      The 
water    is    drawn   up 
the   suction    pipe   as 
before,      when      the 
piston  rises;  but 
when  the  piston  re- 
verses,  the   pressure 
on  the  water  caused 
by  the  descent  of  the 
piston    opens    the 
valve  V    and  forces 
the  water  up  the  de- 
livery pipe/".  When 
the  piston  again  be- 
gin s  i  t  s  u  p  w  a  r  d  Fio.  lao. 
movement,  the  valve   V  is  closed  by  the  pressure  of  the 
water  above  it,  and  the  valve   V  is  opened  by  the  pres- 
sure of  the  atmosphere  on  the  water  below  it,  as  in  the 
previous  cases.     For  an  arrangement   of  this  kind,    it   is 
not  necessary  to  have  a  stuffing-box.     The  water  may  be 
forced  to  almost  any  desired  height.     The  force  pumpdiffers 
again  from  the  lifting  pump  in  respect  to  its  piston  rod, 
which  should  not  be  longer  than  is  absolutely  necessary  in 
order  to  prevent  it  from  buckling,  while  in  the  lifting  pump 
the  length  of  the  piston  rod  is  a  matter  of  indifference. 

612.  Plunger  Pumps — When  force  pumps  are  used 
to  convey  water  to  great  heights,  the  pressure  of  the  water 
in  the  cylinder  becomes  so  great  that  it  becomes  extremely 
difficult  to  keep  the  water  from  leaking  past  the  piston,  and 
the  constant  repairing  of  the  piston  packing  becomes  a 
nuisance.  To  obviate  this  difficulty  the  piston  is  made  very 
long,  as  shown  in  Fig.  131,  and  is  then  called  the  pluoger. 
The  suction  valve  in  this  case  consists  of  two  clack  valves 
inclined  to  each  other  and  resting  upon  a  square  pin^; 
they  are  prevented  from  flying  back  too  far  during  the  up 
stroke  of  the  plunger  by  the  two  uprights  /,  /.     During  the 
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down  stroke  of  the  plunger,  the  valves  at  A  are  closed  and 
the  valve  B  in  the  delivery  pipe  is  open  A  little  air  is  always 
carried  into  the  cylinder  of  a 
pump  with  the  entering  water. 
In  force  pumps  this  fact  becomes 
a  serious  consideration,  since 
after  repeated  strokes  the  air 
accumulates,  and  during  the  down 
I  stroke  of  the  plunger  it  is  com- 
pressed. After  a  time  it  would 
become  sufficient  to  entirely  pre- 
vent the  water  from  entering 
through  the  suction  valve,  the 
pressure  on  the  top  of  the  valve 
being  greater  than  that  of  the 
atmosphere  l>elow.  In  the  pump 
shown  in  the  figure,  the  plunger 
is  a  trifle  smaller  than  the  cylin- 
der, and  the  air  collects  around 
the  plunger  below  the  stuffing- 
box.  To  remove  this  air  a  narrow 
passage  C  {shown  by  the  dotted 
''"'■  "'■  lines),   that  can  be  closed  at  its 

upper  end  by  the  cock  D,  connects  the  interior  of  the 
pump  with  the  atmosphere  when  the  cock  is  open.  It 
is  evident  that  this  cock  must  not  l>e  opened  except  dur- 
ing the  down  stroke  of  the  plunger,  for,  if  it  were  open 
during  the  up  stroke,  the  pressure  below  the  plunger  being 
less  than  the  pressure  of  the  atmosphere  above,  the  air  would 
rush  in  instead  of  being  expelled. 

AIR  CHAMBERS. 
613.  In  order  to  obtain  a  continuous  flow  of  water  in 
the  delivery  pipe,  with  as  nearly  a  uniform  velocity  as  pos- 
sible, an  air  chamber  is  usually  placed  on  the  delivery 
pipe  of  force  pumps  as  near  to  the  pump  cylinder  as  the  con- 
struction of  the  machine  will  allow.  The  air  chambers  are 
usually  pear-shaped,  with  the  small  end  connected  to  the 
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pipe.  They  are  filled  with  air,  which  the  water  compresses 
during  the  discharge.  During  the  suction,  the  air  thus 
compressed  expands  and  acts  as  an  accelerating  force  upon 
the  moving  column  of  water,  a  force  which  diminishes  with 
the  expansion  of  the  air  and  helps  to  keep  the  velocity  of  the 
moving  column  more  nearly  uniform.  An  air  chamber 
is  sometimes  placed  upon  the  suction  pipe.  These  air  cham- 
bers not  only  tend  to  promote  a  uniform  discharge,  but  also 
to  equalize  the  stresses  upon  the  pump  and  prevent  shocks 
due  to  the  incompressibility  of  water.  They  subserve  the 
same  purpose  on  pumps  that  a  fly-wheel  does  on  the 
steam  engine.  Unless  the  pump  moves  very  slowly,  it  is 
absolutely  necessary  to  have  an  air  chamber  on  the  delivery 

pipe.  

STEAM     PUMPS. 

614.     Steam  pumps  are  force  pumps  operated  by  steam 

acting  upon  the  piston  of  a  steam  engine  directly  connected 

to  the  pump,  and  in  many  cases  cast  with  the  pump.    A 


section  of  a  double-acting  steam  pump,  showing  the  steam 
and  water  cylinders,  with  other  details,  is  illustrated  in 
Fig,  132.     Here  G  is  the  steam  piston,  and  R  the  piston  rod. 
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which  is  secured  at  its  other  end  to  the  pump  plunger  P. 
/^  is  a  partition  cast  with  the  cylinder,  which  prevents  the 
water  in  the  left-hand  half  from  communicating  with  that 
in  the  right-hand  half  of  the  cylinder.  Suppose  the  piston 
to  be  moving  in  the  direction  of  the  arrow.  When  the  pis- 
ton has  arrived  at  the  end  of  its  stroke,  the  water  space  in 
the  left-hand  half  of  the  pump  cylinder  will  have  been  in- 
creased  by  an  amount  equal  to  the  area  of  the  cross-section 
of  the  plunger,  multiplied  by  the  length  of  the  stroke,  and 
the  volume  of  the  right-hand  half  of  the  cylinder  will  have 
been  diminished  by  a  like  amount.  In  consequence  of  this, 
a  volume  of  water  in  the  right-hand  half  of  the  cylinder 
equal  to  the  volume  displaced  by  the  plunger  in  its  forward 
movement  will  be  forced  through  the  valves  V,'  V,  through 
the  orifice  D,  into  the  air  chamber  A,  and  then  discharged 
through  the  delivery  pipe  //.  By  reason  of  the  partial 
vacuum  in  the  left-hand  half  of  the  pump  cylinder,  owing  to 
this  movement  of  the  plunger,  the  water  will  be  drawn  from 
the  reservoir  through  the  suction  pipe  C  into  the  chamber 
K  K,  lifting  the  valves  5',  S'  and  filling  the  space  displaced 
by  the  plunger.  During  the  return  stroke  the  water  will  be 
drawn  through  the  valves  S,  S  into  the  right-hand  half  of 
the  pump  cylinder,  and  at  the  same  time  water  will  be  dis- 
charged from  the  left-hand  half  through  the  valves  V,  V,  out 
through  the  pipe  H,  as  before.  Each  one  of  the  four  suc- 
tion and  four  discharge  valves  is  kept  to  its  seat,  when  not 
working,  by  light  springs,  as  shown. 

615<  There  are  many  varieties  and  makes  of  steam 
pumps,  the  majority  of  which  are  double-acting.  In  many 
cases  two  steam  pumps  are  placed  side  by  side,  having  a 
common  delivery  pipe.  This  arrangement  is  called  a 
duplex  pump.  It  is  usual  to  so  set  the  steam  pistons  of 
duplex  pumps  that  when  one  is  completing  the  stroke,  the 
other  is  in  the  middle  of  its  stroke.  A  double-acting 
duplex  pump  made  to  run  in  this  manner,  and  having  an 
air  chamber  of  sufficient  size,  will  deliver  water  with  nearly 
a  uniform  velocity. 
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In  mine  pumps  for  forcing  water  to  great  heights,  the 
plungers  are  made  solid,  and  in  most  cases  extend  through 
the  pump  cylinder.  In  many  steam  pumps,  pistons  are 
used  instead  of  plungers,  but  when  very  heavy  duty  is 
required,  plungers  are  preferred, 


STRENGTH  OF   MATERIALS. 

616.  When  a  force  is  applied  to  a  body,  it  changes 
either  its  form  or  its  volume.  A  force,  when  considered 
with  reference  to  the  internal  changes  it  tends  to  produce 
in  any  solid,  ts  called  a  stress. 

Thus,  if  we  suspend  a  weight  of  2  tons  by  a  rod,  the  stress 
in  the  rod  is  %  tons.  This  stress  is  accompanied  by  a 
lengthening  of  the  rod,  which  increases  until  the  internal 
stress  or  resistance  is  in  equilibrium  with  the  external 
weight. 

617*     Stresses  may  be  classified  as  follows: 
Tensile,  or  pulling  stress.        1  Transverse,  or  bending  stress. 
Compressive,  or  pushing  Shearing,  or  cutting  stress. 

stress.  I  Torsional,  or  twisting  stress. 

61 8.  A  unit  stress  is  the  amount  of  stress  on  a  unit 
of  area,  and  may  be  expressed  either  in  pounds  per  square 
inch,  or  in  tons  per  square  foot;  or,  it  is  the  load  per  square 
inch  or  square  foot  on  any  body. 

Thus,  if  10  tons  are  suspended  by  a  wrought-iron  bar 
which   has   an   area  of    6   square  inches,  the  unit  stress  is 

2  tons  per  square  inch,  because  -r-  =  2  tons. 

619.  Strain  is  the  deformation  or  change  of  shape  of 
a  body  resulting  from  stress. 

For  example,  if  a  rod  100  feet  long  is  pulled  in  the  direc- 
tion of  its  length,  and  if  it  is  lengthened  1  foot,  it  is 
strained  rh^^  ^^  '^^  length,  or  1  per  cent. 

620.  Elasticity  is  the  power  which  a  body  has  of 
returning  to  its  original  form  after  the  external  force  on 


.dbyGoogle 


«48  MECHANICS. 

it  is  withdrawn,  providing  the  stress  has  not  exceeded  the 
elastic  limit. 

Consequently,  we  see  from  this  that  all  material  is 
lengthened  or  shortened  when  subjected  to  either  tensile 
or  compressive  stress,  and  the  change  of  the  length  is 
directly  proportional  to  the  stress,  within  the  elastic  limit. 

For  stresses  within  the  elastic  limits,  materials  are  per- 
fectly elastic,  and  return  to  their  original  length  on  removal 
of  the  stresses;  but,  when  their  elastic  limits  are  exceeded, 
the  changes  of  their  lengths  are  no  longer  regular,  and  a 
permanent  set  takes  place ;  the  destruction  of  the  material 
has  then  begun. 

621.  The  meaaure  of  elasticity  of  any  material  is 
the  change  of  length  under  stress  within  the  elastic  limit. 

622.  The  elastic  limit  is  that  unit  stress  under 
which  the  permanent  set  becomes  visible. 

The  elasticity  of  wrought  iron  is  practically  the  same  as 
that  of  steel;  that  is,  each  material  will  change  an  equal 
amount  of  length  under  the  same  stress  within  the  elastic 
limits. 

The  elastic  limit  of  steel  is  higher  than  that  of  wrought 
iron;  consequently,  the  former  will  lengthen  or  shorten 
more  than  the  latter  before  its  elasticity  is  injured. 

TENSILE    STRENGTH    OF    MATERIALS. 

623.  The  tensile  strength  of  any  material  is  the 
resistance  offered  by  its  fibers  to  being  pulled  apart. 

The  tensile  strength  of  any  material  is  proportional  to 

the  area  of  its  cross-section. 

Consequently,  when  it  is  required  to  find  the  safe  tensile 
strength  of  any  material,  we  have  only  to  find  the  area  at 
the  minimum  cross-section  of  the  body,  and  multiply  it  by 
its  strength  per  square  inch,  as  given  in  the  following  table 
under  the  heading  "Working  Stress." 


It  knots  in  wood,  if  there  are  any. 
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624*     In  the  following  table  is  given  the  average  break- 
ing and  working  tensile  stress  of  different  materials: 


TABLE  17. 


Material. 

Breaking  Stress 

In  Pounds  per  Square 

Inch. 

Working  Stress 

in  Pounds  per  Square 

Inch. 

10.000 
16,000 
60,000 
70,000 

Cast  Iron 

1,500  to    3.600 
5,000  to  18.000 
6,000  to  13,000 

Wrought  Iron 

The  above  table  shows  that  the  tensile  breaking  strength 
of  cast  iron  is  16,000  pounds  per  square  inch  of  cross-section, 
and  that  the  working  strength  is  from  1,S00  to  3,500  pounds 
per  square  inch  of  cross-section. 

626.  In  machinery,  such  as  steam  engines,  where  the 
parts  are  subjected  to  shocks,  or  are  alternately  compressed 
and  extended,  it  is  not  safe  to  subject  cast  iron  to  a  stress 
of  more  than  1.600  pounds  per  square  inch  of  section, 
wrought  iron  to  more  than  6,000  pounds  per  square  inch  of 
section,  or  steel  to  more  than  6,000  pounds  per  square  inch 
of  section. 

But  in  structures  in  which  the  strains  are  constantly  in 
one  direction,  as  is  the  case  with  steam  boilers,  wrought 
iron  may  be  strained  with  from  6,000  to  8,000  pounds  per 
square  inch  of  section,  or  steel  with  from  8,000  to  10,000 
pounds  per  square  inch  of  section. 

Consequently,  strict  attention  must  be  given  tothe  nature 
of  the  load  the  given  structure  has  to  bear,  and  fix  the 
working  stress  accordingly. 

Note.— For  structures  on  whEch  the  load  is  applied  suddenly,  use 
the  smaller  working  stresses  given  in  the  table,  ana  for  those  on  which 
the  load  is  applied  gradually,  use  the  larger  working  si 
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RULES    AND    FORMULAS   FOR    TBNSILB 
STRENGTH. 
026>     Let  Ff  =  safe  load  in  pounds; 

A  =  area  of  minimum  cross-section; 
5=  working    stress   in   pounds   per  square 
inch,  as  given  in  the  foregoing  table. 
Rule  111. —  T/ie    working   load  tn pounds  for  any  bar 
subjected  to  a  tensile  stress  is  equal  to  the  minimum  sectional 
area  of  the  bar,  multiplied  by  the  working  stress  in  pounds 
per  square  inch,  as  given  in  the  table. 

That  is,  W=AS. 
Example. — A  bar  uf  good  wrought  iroi 
sabjected  to  a  steady  tensile  stresa ;  what  is 
should  carry? 

Solution.— Prom   what   has    been    said    above   In   regard    to  the 
materials  and  to  the  nature  of  the  load,  it  will  be  safe  in  this  case  to 
use  A  working  stress  of  12.000  pounds  per  square  inch. 
Applying  the  rule,  we  have 

W=.  3  X  3  X  13,000  =  106,000  pounds.    Ans. 

Rule    113. —  The  minimum   sectional  area    of  any  bar 

subjected  to  a  tensile  stress  should  be  equal  to  the  load  in 

pounds,  divided  by  the  working  stress  in  pounds  per  square 

inch,  as  given  in  the  table. 

W_ 
'  S' 

EXAHPLE.— What  should  be  the  area  of  a  wrought-iron  bar  to  carry 
a  steady  load  of  108.000  pounds,  if  it  is  to  resist  a  tensile  Stress  of 
12,000  pounds  per  square  inch  ? 
Solution. — Applying  the  rule, 
^_  108.000 
13,000    ' 


Rule  113. —  The  working  stress  in  pounds  per  square 
inch  is  equal  to  the  load  in  pounds  divided  by  the  minimum 
sectional  area  of  the  bar. 

W 
■  A' 


That  is.  5  = 
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Example.— A  bar  of  wrought  iron  8'  square,  subjected  to  tenalle 
stress,  carries  a  load  of  108,000  pounds;  what  is  the  stress  per  square 
Inch? 

Solution.— Applying  the  rule, 

5=i^^  =  lS.0001b.  persq.in.    Ana. 


CHAINS. 

627.  Chains  made  of  the  same  size  iron  vary  in  strength, 
owing  to  the  different  kinds  of  links  from  which  they  are 
made. 

It  is  a  good  practice  to  anneal  old  chains  vhich  have 
become  brittle  by  overstraining.  This  renders  them  less 
liable  to  snap  from  sudden  jerks.  It  reduces  their  tensile 
strength,  but  increases  their  toughness  and  ductility,  which 
are  sometimes  more  important  qualities. 

When  annealing,  care  should  be  taken  that  a  sufficient 
heat  be  applied,  otherwise  no  benefit  will  be  gained;  the 
chains  ought  to  be  heated  to  a  cherry  red,  say  1300°  F.  at 
the  least. 

628.  Rules  and  Pormulas  for  tbe  Strenstb  of 
Chains : 

Let  IV  =  safe  load  in  pounds; 

D  =  diameter  of  the  iron,  in  inches,  from  which  the 
links  are  made. 

Rule  114. —  T/t^  safe  load  in  pounds  of  a  stud-link 
wrought-iron  chain  is  equal  to  18,000,  multiplied  by  the 
square  of  the  diameter  of  the  iron  from  which  the  links  are 
made. 

That  is,  W=  18,000  Z?, 

Example.— What  is  the  masimum  load  that  should  be  carried  by  a 
stud-link  wrought-iron  chain,  if  its  links  are  made  from  t-inch  round 
iron? 

Solution.— Applying  the  rule,  W=  18,000  ZT*. 

Substituting  the  value  of  IP,  we  have  W  =  18.000  x  t-  X  t-  =  10.126 
ponnds.   Anc 
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Rale  115. —  The  safe  load  in  pounds  of  a  close-link 
wrougkt-iron  chain  is  equal  to  12.000,  multiplied  by  the 
square  of  the  diameter  of  the  iron  from  which  the  links  are 
made. 

That  is,  W'=  12,000 /»•. 

EiAMPLZ.~What  is  the  maiimura  load  that  should  be  carried  by  a 
cloae-linlc  wroughi-iron  chain,  if  its  links-are  made  from  (-inch  round 

Solution,— Applying  the  rule,  Ws  12,000  Z)*. 
Substituting  the  value  of  D*,  we  have  fV=  18,000  X  -j  X  -j  =  0.780 
pounds.    Ans. 


HEMP   ROPES. 

629.  The  strength  of  hemp  ropes  does  not  depend  so 
much  upon  the  quality  of  the  material  and  the  cross-section 
of  the  rope,  as  upon  the  method  of  manufacture  and  the 
amount  of  twisting. 

The  ropes  in  common  use  are  three-strand,  shroud-laid 
rope,  and  hawser  or  cable-laid  rope. 

The  strongest  ropes  are  three-strand  shroud-laid,  made 
without  tar.  Ropes  made  with  tar  are  less  flexible,  and  are 
reduced  in  strength  about  %5  per  cent.,  but  have  better 
wearing  qualities. 

630.  Rules  and  Formulas  for  tbe  Strcnetb  of 
Hemp  Ropes  i 

Let  W=  maximum  working  load  in  pounds; 
C  =  circumference  of  rope  in  inches. 

Rale  1 16. —  The  maximum  working  load  in  pounds  that 
should  be  allowed  on  any  hemp  rope  is  equal  to  the  square  of 
the  circumference  of  the  rope,  multiplied  by  100. 
That  is,  W  =100(7'. 

Example. —What  is  the  maximum  load  in  pounds  that  should  be 
carried  by  a  hemp  rope  which  has  a  circumference  of  8  inches  7 

Solution.— Substituting  the  value  ol  C  Jn  the  formula,  W=  100  X 
S>  =  e,M01b.    Ans. 


.dbyGoogle 


MECHANICS.  853 

Rule  tI7. — The  circumference  of  any  kemp  rope  is  equal 
to  the  square  root  of  the  maximum  working  load  in  pounds 
which  it  is  capable  of  carrying,  multiplied  by  .  1. 
That  is,  C=A\rW. 

EXAMPLB.— A  maiimum  working  load  of  1,000  pounds  is  to  be  carried 
by  a  hemp  rope ;  what  should  be  the  circumference  of  the  rope } 

Solution.— Applying  the  mle,  C  =  .\  4/1,000  =  8.16'.    Ans. 

When  measuring  ropes,  the  circumference  is  sought 
instead  of  the  diameter,  because  the  ropes  are  not  round 
and  the  circumference  therefore  is  not  3.1416  times  the 
diameter.  For  three  strands  the  circumference  is  about 
2.86  d;  for  seven  strands,  3  d. 

631.  The  above  formulas  are  very  convenient  for  use, 
and  easily  remembered,  but  it  is  well  to  remark  that  the 
values  thus  given  apply  to  ropes  of  a  good  average  quality. 


WIRE  HOPES. 

632>  Wire  rope  is  made  of  iron  and  steel  wire.  It  is 
stronger  than  hemp  rope,  and,  to  carry  the  same  load,  is  of 
smaller  diameter. 

In  substituting  steel  for  iron  rope,  the  object  in  view 
should  be  to  gain  an  increase  of  wear  from  the  rope,  rather 
than  to  reduce  the  size. 

A  steel  rope  to  be  serviceable  should  be  of  the  best  obtain- 
able quality,  becatise  ropes  made  from  low  grades  of  steel 
are  inferior  to  good  iron  ropes. 

633.     FormulaB  for  the  Strength  of  Wire  Ropes : 

Let  W=  maximum  of  working  load  in  pounds; 
C  =  circumference  of  rope  in  inches. 

Rule  118. —  The  maximum  working  load  in  pounds  that 
should  be  allowed  on  any  iron  wire  rope  is  equal  to  the  square 
of  l/ie  circumference  of  the  rope  in  inches,  multiplied  by  600. 
That  is,  W=  600  C. 

BxAKPLB.— What  is  the  maximum  load  in  pounds  that  should  be 
carried  by  an  iron  wire  rope  whose  circumference  is  41  inches  ? 

SOLOTIOH.— Applying  the  formula, 

IV  =  000  X  4.6<  =  13,100  lb.    Am. 


.dbyGoogle 


254  MECHANICa 

Rule  119. — The  circumference  of  any  iron  wire  rope  ht 
inches  is  equal  to  the  square  root  of  the  maximum  working 
load  in  pounds,  multiplied  by  .0408. 

That  is.  C"  =  .  0408^11^. 

Example.— A  maiimum  working  load  of  12,  ISO  pounds  fa  to  be  car- 
ried by  an  iron  wire  rope ;  what  should  be  the  minimum  circumference 
of  the  rope  ? 

Solution. — Applying  the  formula, 

C  =  .0408  1/12.100  =  H  inches.    Ans. 

Rule  120. — The  aboz'e  rules  and  formulas  are  also  made 
applicable  when  computing  the  safe  strength  of  steel  wire 
rope,  by  substituting  the  constant  1,000  for  the  constant  600, 
and  .OSl&for  .OJfiS. 

Example. —What  is  the  maximum  load  In  pounds  tliat  should  I>e 
carried  by  a  steel  wire  rope,  the  circumference  of  which  is  4^  inches  ? 

Solution.— Applying  the  rule,  W  =  1.000  X  4.6'  =  20,200  lb.    Ans. 

BXAMPLB. — A  maximum  wor4cing  load  of  10.485  pounds  is  to  be  car- 
ried by  a  steel  wire  rope;  what  should  be  the  minimum  circumference 
of  the  rope  ? 

Solution.— Applying  the  rule,  C  =  .0816  ^10,485  =  8.34  inches. 

EXAHPLB8  FOR  PRACTICE. 

1.  What  should  be  the  diameter  of  a  steel  piston  rod  of  a  steam  en- 
gine to  resist  tension,  if  the  piston  is  19'  In  diameter  and  the  pressure 
is  85  lb.  per  sq.  in.  ?  Ans.  H',  nearly. 

S.  What  safe  load  will  a  cast-iron  bar  of  rectangular  cross-section 
71'  by  H'  support  if  subjected  to  shocks  ?    The  bar  is  in  tension. 

Ans.  89.875  lb. 

8.  What  Is  the  stress  per  sq.  in.  on  a  piece  of  timber  8'  square, 
which  is  subjected  to  a  steady  pull  of  60,000  pounds  ? 

Ans.  937.0  lb.  per  sq.  in. 

4.  What  should  be  the  safe  toad  for  a  close-tlnk  wrought-iron  chain 
whose  links  are  made  from  J' iron  ?  Ans.  9,IB7.51b. 

0.  What  safe  load  may  a  hemp  rope  carry  whose  circumference  is 
i-7  Ans.  1,600  lb. 

0.  What  should  be  the  allowable  working  load  for  a  steel  wire  rope 
whose  circumference  is  3t'  f  Ans.  14,062.5  lb. 

7.  What  should  be  the  circumference  of  an  iron  wire  rope  to  sup- 
port a  load  of  20,000  lb.  ?  Ans.  61',  nearly. 
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CRUSHING    STRENGTH    OF   MATBRIAI^S. 

634.  The  crushing  strength  of  any  material  is  the 
resistance  offered  by  its  fibers  to  being  pushed  together. 

To  obtain  only  compression,  the  length  of  a  rod  should 
not  be  more  than  6  times  greater  than  its  least  diameter, 
or  its  least  thickness  when  it  is  a  rectangular  rod. 

If  a  bar  is  long  compared  with  its  cross  dimensions,  the 
load  if  sufRciently  great  will  cause  it  to  bend  sideways 
under  the  compressive  force,  and  we  have,  then,  not  only 
compression,  but  compression  compounded  with  bending. 

Experimental  tests  on  pillars  have  shown  that  their 
strengths  are  approximately  inversely  proportional  to  the 
squares  of  their  lengths.  That  is,  if  there  are  two  pillars 
of  the  same  material,  having  the  same  cross-section,  but 
one  is  twice  as  long  as  the  other,  the  long  one  will  sustain 
only  about  one-quarter  the  load  of  the  short  one. 

635.  Attention  should  be  given  to  the  ends  of  pillars, 
as  their  shape  has  great  influ- 
ence   upon   their   strength.      In  | 
Fig.  133  are  shown  three  pillars  ^ 
with  differently  shaped  ends 

It  has  been  proven  by  the  aid 
of  higher  mathematics  that, 
theoretically,  a  pillar  having  flat 
or  fixed  ends,  as  shown  at  a,  is 
four  times  as  strong  as  one  that 
has  round  or  movable  ends,  as 
shown  at  c,  and  one  and  seven- 
ninths  times  as  strong  as  one  | 
having  one  flat  and   one  round  ""^  *"■ 

end,  as  shown  at  ^;  ^  is  thus  two  and  one-fourth  times  aa 
strong  as  c.  It  has  also  been  found  that  if  three  pillars, 
a,  b,  c,  which  have  the  same  cross-section,  are  to  carry  the 
same  load  and  be  of  equal  strength,  their  lengths  must  be 
aa  the  numbers  2, 1  J,  and  1,  respectively. 

In  practice,  however,  the  ends  of  the  pillars  b  and  c  are  not 
generally  made  as  shown  by  the  figure,  but  have  holes  at 
//.  if.    /.— ;« 
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their  ends  into  which  pins  are  fitted  which  are  fastened  to 
some  other  piece ;  as,  for  example,  the  connecting-rod  of  an 
engine.  In  such  cases,  it  has  been  found  that  a  is  two 
times  as  strong  as  c,  and  that  ^  is  one  and  one-half  times  as 
strong  as  c.  That  is,  in  actual  practice,  a  column  fixed  as 
at  c  is  really  i  as  strong  as  one  fixed  as  at  a,  instead  of 
being  only  i  as  strong,  as  given  above. 

Green  or  wet  timber  has  only  one-half  the  strength  of  dry 
and  seasoned  timber;  consequently,  its  crushing  strength  is 
only  one-half  of  that  given  in  the  table  below. 

036.  In  the  following  table  is  given  the  mean  crushing 
strength  of  some  short  specimens  of  materials  in  tons  (of 
2,000  pounds)  per  square  inch: 

TABLE   18. 


Materials. 

Crushing 
Strength  In 

Tons  per 
Square  Inch. 

40 

Wrought  Iron 

18 

Mild  Steel      . 

26 

4.5 

Timber  (dry)  endwise 

Brick 

3.S 

1 

037.     Formula  for  the  Strenctta  of  Plllarsi 

The  following  formula  is  applicable  to  pillars  which  are 
commonly  used  in  practice,  the  lengths  of  which  are  about 
from  10  to  40  times  their  least  diameter,  or,  if  rectangular, 
their  least  thickness  as  indicated  by  </. 

Let  C  =  crushing  strength  in  tons  per  squar?  inch  of  a 
short  specimen  of  the   material,  as  given  in  the 
above  table; 
5  =  sectional  area  in  square  inches; 
I.  s=  length  in  inches ; 
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d  =  least  thickness  of  rectangular  pillar,  or  diameter 

of  round  pillar  in  inches; 
W^=  breaking  load  in  tons ; 
A  =  the  area  of  the  two  flanges; 
B  =  the  area  of  the  web; 

a  =  constant,    given  in  one  of  the  following  three 
tables : 

TABLE  19. 

CONSTANTS  POR  WRODGHT'IRON  PII.I.ARS. 


Cross-section  of  PlUar. 


When  Both 
Ends  of  the 
■  are  Flat 
Fixed. 


Pilli 


When  One  End 
of  the  Pillar 

is  Flat  or  Fixed. 

and  the  Other 
Round  or 
Movable. 


When  Both 
Ends  of  the 
Pillar  are 
Round  or 
Movable. 


i 


ii 


I  Square  or 
I   Kectangle. 


Thin  Square 
Tube. 


Thin  Round 
Tube. 


Angle  with 
Equal  Sides. 


Cross  with 
Equal  Arms 


3,O0OX;,-pg 


^TTfS 


"7+3 
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TABLB  2a 
COItSTANTS  POR   CAaT'lROK   PILLAHS. 


Cross-section  of  Pillar. 


When  BotK 

Ends  of  the 

Pillar  are  Flat 

or  Fixed. 


When  One  End 
of  the  Pillar  is 
Flat  or  Filed, 
and  the  Other 
Round  or 
Movable. 


When  Both 
Ends  of  the 
Pillar  are 
Round 
or  Movable. 


II 


I  Square  or 
I  Rectangle. 


o 


Thin  Square 
Tube. 


Thin  Round 

Tube. 


Angle  with 
Equal  Sides. 


Cross  with 
Equal  Arms. 


562.6 
187.5 
187.fi 


281. 8S 
93.75 
93.75 
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TABLE 

21. 

CONSTANTS  FOR  WOODEN  PII.1.AI 

IS. 

Cross-section  of  Pillar. 

When  Both 

Ends  of  the 

Hilar  are  Flat 

or  Fixed. 

When  One  End 
of  the  Pillar  is 
Flat  or  Fixed, 
and  the  Other 
Round  or 
Movable. 

When  Both 

Ends  of  the 

Pillar  are 

Round 

or  Movable. 

f-d-i 

Ma      Round. 

187.5 

125. 

93.75 

Q  Q  oSt. 

360. 

166.66 

126. 

■  H  ^"^'^' 

^a-4      Hollow 

1—4      Square 
n      Made  of 
hJ      Boards. 

600. 

333.33 

250. 

638.  Rule  121. —  The  breaking  load  of  a  pillar  in  tons  is 
equal  to  the  crushing  strength  of  a  short  specimen  of  the 
material  as  given  in  Table  18,  Art.  636,  multiplied  by  the  sec- 
tional area  of  the  pillar  in  square  inches,  and  the  product 
divided  by  1  plus  the  quotient  obtained  by  dividing  the  square 
of  the  length  of  the  pillar  in  inches  by  the  square  of  the 
diameter  {or  least  thickness,  if  rectangular)  multiplied  Ay 
the  value  of  a. 

That  is,  W=  —^At 

1  +  5^' 

The  result  obtained  by  the  formula  must  be  divided  by 
0  to  get  the  safe  working  load. 

Note. — If  the  length  of  the  [illlar  is  given  in  feet,  be  sure  to  reduce 
it  to  inches  before  substituting  in  the  formula. 

EzAMPLB. — A  wooden  pillar,  6  inches  square  and  144  inches  long,  is 
fixed  at  both  ends;  what  load  will  it  sustain  with  safety  ? 

Solution.— By  rule  121,  W=      ''^,,. 

'+^ 

Sttbatitnting  the  Talnes  of  C.  S,  L*.  a,  and  </',  we  have 
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-  =  8.8S?  tons,  or  the  load  It  I9  capable 
of  austaining  with  safety.    Ans. 

Example. — A  wrought-iron  pillar,  4  inches  in  diameter  and  00  inches 
long,  is  fixed  at  one  end  and  movable  at  the  other ;  what  load  will  it 
sustain  with  safety  ? 
Solution.— By  the  rule, 

».=  i«>liX4j^  =  m6Btons. 

Whkh,  divided  by  6,  gives  — = —  =  88.78  tona,  nearly,  or  the  load 
It  is  capable  of  sustaining  with  safety.     Ans. 

Example. — What  load  will  a  cast-iron  pillar  sustain  with  safety,  If 
it  is  20  feet  long,  and  if  its  cross-section  ts  a  cross  with  equal  arms, 
two  of  which  are  equal  to  10  inches  in  length  (as  d,  see  table),  and 
whose  arms  are  1  inch  thick ;  both  ends  of  the  pillar  movable. 

=  (10  X  1)  -t-  2  (4.6  X  1)  =  19  square 


40x18 
g40xa40~ 
1.75X10X10 
106.38 


»'= L.t\..      =  1M.B8  tons. 

1  +  ai 


■Which,  divided  by  6,  gives  — ^ —  =  17.78  tons,  the  load  it  is  capable 
of  sustaining  with  safety.    Ans. 

639.  When  using  this  formula,  first  obtain  the  value  of 
Cfrom  Table  18,  Art.  636.  Next,  calculate  the  area  of 
the  cross-section  of  the  pillar.  Then,  find  the  value  of  a 
from  one  of  the  last  four  tables.  Finally,  be  sure  that  the 
length  of  the  pillar  has  been  reduced  to  inches  before 
substituting  in  the  formula. 

To  find  the  proper  value  of  a  in  any  example,  first  turn  to 
the  table  dealing  with  the  materia!  in  question,  and  find  the 
figure  corresponding  to  the  given  cross-section;  in  the  hori- 
zoutal  line  containing  this  are  three  numt>ers  corresponding 
to  the  different  conditions  of  the  ends  of  the  column. 
From  these  numbers  select  the  one  corresponding  to  the 
given  conditions  of  the  column  to  be  calculated,  and  this 
will  be  the  required  value  of  a. 
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BXAHPLBB  FOB  PKACTICB, 

1.  What  load  may  be  safely  carried  by  a  hollow  cylindrical  cast- 
iron  pillar,  20  ft  long,  inside  diameter  8'.  and  outside  diameter  10'  ? 
Both  ends  of  the  pillar  are  fixed.  Ans.  98.18  tons. 

S.  A  rectangular  wooden  column  is  14  ft  long,  and  has  one  end 
rounded ;  If  the  cross-section  Is  IS'  x  8',  what  load  will  be  required  to 
break  it  ?  Ans.  93.15  tons. 

&  A  solid  wrought-Iron  column,  which  has  both  ends  movable,  is  8' 
in  diameter  and  8  ft  long;  what  load  will  it  safely  support  ? 

Ans.  11.1  tons. 


TRANSVERSE    STRENGTH    OF    MATERIALS. 

640.  The  transverse  strength  of  any  material  is  the 
resistance  offered  by  its  fibers  to  being  broken  by  bending. 
As,  for  example,  when  a  beam,  bar,  rod,  etc.,  which  is  sup- 
ported at  its  ends,  is  broken  by  a  force  applied  between  its 
supports. 

The  transverse  strength  of  any  beam,  bar,  rod,  etc.,  is 
proportional  to  the  product  of  the  square  of  its  depth  multi- 
plied by  its  width;  consequently,  it  is  more  economical  to 
increase  the  depth  than  the  width. 

TABLE  22. 

CONSTANTS  FOR  TRANSVBBBB  BTBBNOTH. 


Material. 

ConsUnt 
in  Pounds. 

Material. 

Constant 
in  Pounds. 

Metals: 
Cast  Iron 

100 
160 
160 
60 
66 

Woods: 

36 

Wrought  Iron. . . 

Ash 

46 

Beech 

Hickory 

Oak  (American) . 

Pine  (Pitch) 

Pine  (White) 

46 
40 
30 

641.     A  cantilever  is  a  beam,  bar,  rod,  etc.,  fixed  at 
one  cod  and  subjected  to  a  transverse  stress,  as  shown  in 
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Fig.    134.     It  has  a  tendency  to  overthrow  the  wall  or 
structure  to  which  it  is  attached. 

The  strength  of  a  cantilever  varies  inversely  as  the  dis- 
tance of  the  load  from  the  point  of  fixing;  and  the  stress 
upon  any  section  varies  directly  as  the  distance  of  the  load 
from  that  section. 
The  strength  of  a  beam,  bar,  rod,  etc.,  which  has  both  its 
ends  supported,  but 
not  fixed,  and  which 
carries  a  load  midway 
between  its  supports, 
is  four  times  that  of  a 
beam  of  the  same 
length,  fixed  into  a 
wall  at  one  end,  and 
carrying  a  load  at  the 
other,  as  in  Fig.  134. 
A  cantilever  uni- 
formly  loaded  will  sustain  twice  as  great  a  load  as  one  in 
which  the  load  is  applied  at  the  free  end;  and  a  beam  rest- 
ing  on  two  supports  and  uniformly  loaded  will  sustain  twice 
as  great  a  load  as  it  would  if  the  load  were  all  applied  at  the 
middle. 

In  Table  33  is  given  the  safe  transverse  strength  of  bars 
of  different  kinds  of  material,  one  inch  square  and  one  foot 
long,  with  the  load  suspended  from  one  end,  the  other  being 
fixed,  as  shown  in  Fig.  134. 


642.     Rales  and  Formulas  for  tbe  TransTsrse 
Strength  of  Beamst 

Let  </=  the  depth  of  beam  in  inches; 
(c  s  the  width  of  the  beam  in  inches; 
L  %  the  length  of  the  beam  between  its  supports,  in 

feet,  or,  for  cantilever,  the  distance  between  load 

and  fixed  end; 
S  =  the  safe  transverse  strength,  as  given  in  Table  %%i 
W=^  the  safe  load  in  pounds. 
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For  a  rectangular  or  square  cantilever  to  which  the  load 
is  applied  at  one  end,  as  shown  in  Pig.  134: 

Rule  laa. —  The  maximum  safe  load  in  pounds  that  should 
be  allowed  at  the  end  of  any  rectangular  or  square  cantilever 
is  equal  to  the  square  of  the  depth  in  inches  multiplied  by  its 
width  in  inches  multiplied  by  the  constant  given  in  the  table, 
and  the  product  divided  by  its  length  in  feet. 

That  is,  W=  ^^J^. 

EXAHPLB.— What  is  the  maximum  safe  load  that  can  be  placed  at 
one  end  of  a  cast-iron  bar  which  projects  4  feet,  the  depth  being 
6  inches,  and  the  width  8  inches? 

Solution.— B7  the  rule.  W=  — -j — ■ 

Substituting  the  values  of  d,  w,  S,  and  Z,  we  have 

^^  6  X  6  x^3  X  100  ^  2.700  pounds.    Ana. 

643.  For  a  cylin- 
drical  cantilever  to 
which  the  load  is  ap- 
plied at  one  end,  as 
shown  in  Pig.  135: 

Rule  lZ3.—  T&e 
maximum  safe  load  in 
pounds  thai  should  be 
allowed  at  the  end  of 
any  cylindrical  canti- 
lever is  equal  to  the  "'  "*' 
cube  of  its  diameter  in  inches  multiplied  by  .6  of  the  constant 
given  in  the  table,  and  the  product  divided  by  its  length  in 

f«t. 

Thati,,  W=^l^. 

EXAHPLB.^What  is  the  maximum  load  that  can  be  placed  with 
safety  at  one  end  of  a  cast-iron  bar  4  inches  in  diameter  that  projects 
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SoLDTioN.— By  the  rule,  IV  =  "   ^ 
Substituting  the  values  of  d,  S.  and  L, 


1,360  pounds.    Ans. 


044<  When  the  load  is  uniformly  distributed  on  a  can- 
tilever of  any  cross -section,  as  shown  in  Fig.  136,  it  will 
sustain  a  load  twice  as 
great  as  when  the  load  is 
applied  at  one  end.  For 
example,  if  the  canti> 
levers  in  the  two  exam- 
ples above  were  to  carry 
a  uniformly  distributed 
load,  they  would  sustain 
8,700x2  =5,400  pounds, 
and  1,280  X  »  =  2,560 
Pia  u&  pounds  respectively. 

For  a  rectan^lar  or  square  beam  the  ends  of  which  merely 
rest  upon  supports, 
and    loaded   in   the 
middle,  as  shown  in 
Fig.  137: 

Rule  124,.— T/ie 
maximum  safe  load 
in  pounds  tliat  any 
recta  ngvlar  or  square 

beam    is    capable  of  ""•'"■ 

sustaining  at  the  middle,  -when  its  ends  merely  rest  upon 
supports,  is  equal  to  four  times  the  square  of  its  depth  in 
inches  multiplied  by  its  width  in  inches  multiplied  by  the 
constant  given  in  the  table,  and  the  product  divided  by  the 
distance  between  its  supports  in  feet. 


That  is. 


W= 


id'mS 


ExAKPLB.— What  maximum  safe  load  is  a  bar  of  cast  iron  capabls 
of  sustaining  in  the  middle  between  the  supports  on  which  its  ends 
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merely  rest.  If  its  depth  is  6  inches,  its  width  8  laches,  tad  the  dis- 
tance betweea  the  supports  is  4  feet  ? 

Solution.— By  the  rule,  IV=  *X*'X"X^<W  _  Hjgoo  jb.    Ana. 

645.  For  a  cylindrical  beam  supported  at  ita  ends  and 
loaded  in  the  middle, 
as  shown  in  Fig.  138: 

Rule  12S.~TAe 
maximum  safe  load 
in  pounds  that  any 
cylindrical  beam  is 
capable  of  sustaining  \ 
at  the  middle,  when  Pio.  ite. 

its  ends  merely  rest  upon  supports,  is  equal  to  four  times  the 
cube  of  its  diameter  multiplied  by  .6  of  the  constant  given  in 
the  table,  and  the  product  divided  by  the  distance  between  its 
supports  in  feet. 

That  is,  w^y^^. 

Example. — What  maximum  safe  load  is  a  bar  of  cast  Iron  capable 
of  sustaining  ia  the  middle  between  the  supports  on  which  Its  ends 
merely  rest,  if  it  is  4  inches  in  diameter,  and  if  the  distance  between 
its  supports  is  3  feet  1 

Solution.— By  the  rule,  W-=  *  ^  ^'  ^^  ^  ^°°  =  5,180  lb.    Ana. 

046>  When  the  load  is  uniformly  distributed  on  a  beam 
of  any  cross -section, 
as  shown  in  Fig.  1S9, 
it  will  sustain  a  load 
i  twice  as  great  as 
when  the  load  is  ap- 
plied in  the  middle 
between  the  supports. 

For  example,  if  the  beams  in  the  last  two  examples  were 
to  carry  a  uniformly  distributed  load,  they  would  sustain 
10,800  X  2  =  21,600  pounds,  and  6,120  X  2  =  10,240  pounds, 
respectively. 
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SHEARING.  OR    CUTTING,  STRENGTH    OP 
MATERIALS. 
047.     The   shearing   strength  of    any   material   is  the 
resistance  offered  by  its  fibers  to  being  cut  in  tvo. 

Thus,  the  pressure  of  the 
cutting    edges    of    an   ordi- 
nary     shearing       machine, 
Fig.   140,  causes  a  shearing 
.  stress  in  the  plane  a  b.     The 
]  unit  shearing  force  may  be 
)  found  by  dividing  the  force 
P  by  the  area  of  the  plane 
ab. 


648.     Fig.  141  shows  a 
t  here  the  central  piece  c  dis  forced 


piece  in  double 
out  while  the  ends 
remain   on    their 
supports  M  and  .A''. 

The  shearing 
strength  of  any 
body  is  directly  pro- 
portional to  its  area. 

In  the  following  Fia.  hi. 

table  are  given  the  greatest  and  safe  shearing  strengths 
per  square  inch  of  different  kinds  of  materials: 


Greatest  Shearing 

Stress  in  Pounds  per 

Square  Inch. 


Safe  Shearing  Stress  In 
Pounds  per  Square  Inch. 


Cast  Iron 

Wrought  Iron.. 
Steel  


18,000 
40,000 

60,000 


1,500  to  3,000 
4.000  to  10,000 
6.000  to  12.000 
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649.     Formula  for    ttie    Staearlnff    Strengtb    of 

Materials: 

Let  a  =  area  of  cross-section  in  inches; 

5  =  safe  shearing  stress  as  given  in  the  table; 
W=  safe  load  in  pounds. 

Rule  136. — The  safe  load  that  any  Body  which  is  sub- 
jected to  a  shearing  stress  is  capable  of  sustaining  is  equal  to 
the  area  of  its  cross-section  in  inches  multiplied  by  its  safe 
shearing  stress,  as  given  in  the  table. 

That  is,  W=aS. 

ExAUPLB.— If  the  beam  in  Fig.  141  is  made  of  wrought  Iron,  4 
Inches  in  depth  and  2  inches  in  width,  what  steady  shearing  stress  is  it 
capable  of  sustaining  with  safety  } 

SoLOTioN.— Applying  the  ruie,  ^=4  x  3  X  10,000  =  80,000  lb.  This 
result  must  be  multiplied  by  2,  since  the  beam  is  sheared  in  two  places, 
along  the  lines  ec  and  fti.  Hence,  the  stress  which  the  Ijeam  will 
safely  sustain  is  80,000  X  2  =  160,000  lb. 

Example.— What  force  is  required  to  punch  a  hole  ('  in  diameter 
through  a  steel  plate  i'  thiclt  t 

Solution.— It  is  evident  that  punching  is  but  shearing  in  a  circle 
instead  of  a  straight  line.  The  area  punched  (sheared)  is  equal  to 
the  thickness  of  the  plate  multiplied  by  the  circumference  of  a  circle 
baring  the  same  diameter  as  the  punched  hole.  For,  if  the  plate  were 
cut  through  one  of  Che  diameters  of  the  punched  bole,  and  the  two 
semicircles  were  straightened  out.  the  punched  surface  would  be  a  rect- 
angle, which  would  have  a  length  equal  to  the  circumference  Of  a 
circle  whose  diameter  was  equal  to  that  of  the  hole,  and  a  breadth 
equal  to  the  thickness  of  the  plate.  In  this  case,  the  area  =  |  X 
8.1416X1  =  .98176  sq.  in.  Table  88  gives  the  ultimate  shearing 
strength  of  Steel  as  60.000  lb.  per  sq,  in.  Hence,  the  total  force  re- 
quired is  .98176  X  60,000  =  58.90S  lb.     Ana. 


EXAMPLES  FOR  PRACTICE. 

1.  What  is  the  greatest  load  that  can  be  safely  carried  by  a  steel 
rectangular  cantilever  at  its  extreme  end.  if  the  bar  is  2'  wid^  S'  deep, 
and  2  ft.  6'  long  ?  Ans.  1,103  lb. 

S.  What  is  the  greatest  uniform  load  that  can  be  safely  carried  by 
ft  white-pine  girder,  6'  wide,  8'  deep,  16  fL  long,  and  supported  at  its 
ends?  Ans.  5,760 lb. 
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8.  A  cast-iron  bar.  If  In  diameter  and  B  ft.  8'  long.  Is  supported  at 
Its  ends;  what  load  wilt  It  safely  suBtain  in  the  middle  ?     Ans.  245  lb. 

4.  What  force  is  required  to  punch  a  1^'  hole  through  a  wrought* 
Iron  plate  A'  thick?  An^  68.7SS  lb. 

5.  What  force  is  required  to  cut  off  the  end  of  a  cast-iron  bar 
whose  diameter  Is  2}'  ?  Ans.  88,857  lb. 

LINE   SaAPTINGS. 

650.  A  line  of  shafting  is  one  continuous  run,  or  length, 
composed  of  lengths  of  shafts  joined  together  by  couplings. 

The  main  Uac  of  shafting  is  that  which  receives  the 
power  from  the  engine  or  motor,  and  distributes  it  to  the 
other  lines  of  shafting  or  to  the  various  machines  to  be 
driven. 

Line  shafting  is  supported  by  hangers,  which  are  brackets 
provided  with  bearings,  bolted  either  to  the  walls,  posts, 
ceilings,  or  floors  of  the  building.  Short  lengths  of  shafting, 
called  countci-BtiaftB,  are  provided  to  effect  changes  of 
speed,  and  to  enable  the  machinery  to  be  stopped  or 
started. 

Shafting  is  usually  made  cylindrically  true,  either  by  a 
special  rolling  process,  when  it  is  known  as  cold-rollcd 
staaftluK,  or  else  it  is  turned  up  in  a  machine  called  a  lathe. 
In  the  latter  case  it  is  called  bright  shafting.  What  is 
known  as  black  shafting  is  simply  bar  iron  rolled  by  the 
ordinary  process,  and  turned  where  it  receives  the  couplings, 
pulleys,  bearings,  etc. 

Bright  turned  shafting  varies  in  diameter  by  J  inch  up 
to  about  3^  inches  in  diameter;  above  this  diameter  the 
shafting  varies  by  \  inch.  The  actual  diameter  of  a  bright 
shaft  is  ^  of  an  inch  less  than  the  commercial  diameter,  it 
being  designated  from  the  diameter  of  the  ordinary  round 
bar  iron  from  which  it  is  turned.  Thus,  a  length  of  what 
is  called  3-inch  bright  shafting  is  only  2f}  inches  in  diam- 
eter. 

Cold-rolled  shafting  is  designated  by  its  commercial 
diameter;  thus,  a  length  of  what  is  called  3-inch  shafting 
is  3  Inches  in  diameter. 
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661.  In  the  following  table  is  given  the  maximum  dis- 
tance between  the  bearings  of  some  continuous  shafts  which 
are  used  for  the  transmission  of  power: 

TABLE    24. 


Diameter 

of  Shaft  in 

Inclies. 

Distance  Between  Bearings 
in  Feet. 

Wrougltt-Iron 
Slmft.- 

Steel  Stiaft 

2 

8 
9 

11 
13 
15 
17 
19 
21 
i3 
85 

11.5 

13.75 

16.75 

18.  S5 

20. 

22.25 

24. 

26. 

Pulleys  from  which  considerable  power  is  to  be  taken  should 
always  be  placed  as  close  to  a  bearing  as  possible. 

652.  The  diameters  of  .the  different  lengths  of  shafts 
composing  a  line  of  shafting  may  be  proportional  to  the 
quantity  of  power  delivered  by  each  respective  length.  In  this 
connection,  the  positions  of  the  various  pulleys  depend  upon 
the  distance  between  the  pulley  and  the  bearing,  and  upon  the 
amount  of  power  given  off  by  the  pulleys.  Suppose,  for  ex- 
ample, that  a  piece  of  shaftihg  delivers  a  certain  amount  of 
power,  then,  it  is  obvious  that  the  shaft  will  deflect  or  bend 
less  if  the  pulley  transmitting  that  power  be  placed  close  to  a 
hanger  or  bearing,  than  if  it  be  placed  midway  between  the 
two  hangers  or  bearings.  It  is  impossible  to  give  any  rule 
for  the  proper  distance  of  bearings  which  could  be  used 
universally,  as  in  some  cases  the  requirements  demand  that 
the  bearings  be  nearer  together  than  in  others. 

If  the  work  done  by  a  line  of  shafting  is  distributed  quite 
equally  along  its  entire  length,  and  the  power  can  be  applied 
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near  the  middle,  the  strength  of  the  shaft  need  be  only  half 
as  great  as  would  be  required  if  ^he  power  were  applied  at 
one  end. 

653.     To  compute  the  horsepower  that  can  be  transmit- 
ted by  a  shaft  of  any  given  diameter: 
Let  D  =  diameter  of  shaft; 

R  =  revolutions  per  minute; 
//=  horsepower  transmitted; 
C=  constant  given  in  Table  26. 


TABLB   ZS. 

CONSTANTS  FOR  LINE  SHAFTING. 


Material  ol  Shaft. 

No  Pulleys 
Between  Bearings. 

Pulleys  Between 
Bearings. 

Steel  or  Cold-Rolled  Iron 

65 

70 
90 

85 

In  the  above  table  the  bearings  are  supposed  to  be  spaced 
so  as  to  relieve  the  shaft  of  excessive  bending ;  also,  in  the 
third  vertical  column,  an  average  number  and  weight  of 
pulleys,  and  power  given  off,  is  assumed. 

In  determining  the  above  constants,  allowance  has  been 
made  to  insure  the  stiffness  as  well  as  strength  of  the  shaft. 
Cold-rolled  iron  is  considerably  stronger  than  ordinary  turned 
wrought  iron ;  the  increased  strength  being  due  to  the  proc- 
ess of  rolling,  which  seems  to  compress  the  metal  and  so 
make  it  denser,  not  merely  skin  deep,  but  practically  through- 
out the  whole  diameter.     We  have,  then,  the  following: 

Rule  127. — The  horsepower  that  a  slut  ft  wU I  transmit 
equals  the  product  of  the  cube  of  tfte  diameter  and  the  number 
of  revolutions,  divided  by  the  value  of  Cfor  the  given  material. 


That  is, 


-     c    ■ 
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BxAMPLB.— What  horsepower  will  a  S-inch  wrought-iroa  shaft 
transmit  which  makes  100  revolutions  per  minute,  there  being  no 
pulleys  between  bearings  7 

„    n'xR 

Solution— /f=  — ^ — . 

Substituting,  we  have 

H= « =  86.67  horsepower.    Ans. 

If  there  were  the  usual  amount  of  power  taken  off,  as  mentioned 
above,  we  should  take  C=9B.  Then,  //*=  ^1^^  =  28.43  horse- 
power.   Ads. 

654.  To  compute  the  number  of  revolutions  a  shaft 
must  make  to  transmit  a  given  horsepo-wer: 

Rule  128. — The  number  of  revolutions  necessary  for  a 
given  horsepower  equals  the  product  of  the  value  of  C  for  the 
given  material  and  the  number  of  horsepower,  divided  by  the 
cube  of  the  diameter.  „      „ 

That  is,  R^)lJ^, 


EXAMPI.E. — How  many  revolutions  must  a  8-inch  wrought-iron  shaft 
make  per  tnlnute  to  transmit  28.43  horsepower,  power  being  taken  off 
at  Intervals  between  the  bearings  ? 

SOLUTIOK.  — .ff  =       _,    . 

Substituting,  we  have  R  =   -     „^-  =  100 revolutions.    Ans. 

66S.  To  compute  the  diameter  of  a  shaft  that  will 
tiansmit  a  given  horsepower,  the  number  of  revolutions  the 
shaft  makes  per  minute  being  given : 

Rule  129. —  The  diameter  of  a  shaft  equals  the  cube  root 
of  the  quotient  obtained  by  dividing  the  product  of  the  value 
of  C  for  the  given  material  and  the  number  of  horsepower 
by  the  number  of  revolutions. 

ThatU,  /)  =  /?5^ 

Example.— What  must  be  the  diameter  of  a  wrought-lron  shaft  to 
transmit  88.87  horsepower,  the  shaft  to  make  100  revolutions  per 
minute,  no  power  being  taken  ofi  between  bearings  ? 

SOLtFTION,— Z?  =  y  ■■   a-  -■ 
Substituting,  we  have 


if.  U.    I.— 10 
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As  the  speed  of  shafting  is  used  as  a  multiplier  in  the  cal- 
culations of  the  horsepower  of  shafts,  a  shaft  having  a  given 
diameter  will  transmit  more  power  in  proportion  as  its  speed 
is  increased.  Thus,  a  shaft  which  is  capable  of  transmitting 
10  horsepower  when  making  100  revolutions  per  minute,  will 
transmit  20  horsepower  when  making  200  revolutions  per 
minute.  We  may,  therefore,  say  the  horsepowers  transmitted 
by  two  shafts  are  directly  proportional  to  the  numSer  of 
revolutions.  

EXAMPLES  FOB  PRACTICE. 

1.  What  horsepower  will  a  2}'  wrought-iron  shaft  transmit  when 
ninning  at  110  revolutions  per  minute,  it  being  used  for  transmission 
only  i  Ans.  24.5S  horsepower. 

S.  A  6' cast-iron  shaft  transmits  160  horsepower;  how  many  revo- 
lutions per  minute  must  It  make,  no  power  being  taken  off  between 
bearings  ?  Ans.   62^  R.  P.  M. 

8.  What  should  be  the  diameter  of  a  wrought-iron  shaft  to  transmit 
100  horsepower  at  160  revolutions  per  minute,  power  being  taken  off 
between  bearings  ?  Ans    4  In.,  nearly. 

4.  The  diameter  of  a  steam-engine  shaft  Is  8';  what  horsepower 
wilt  it  transmit,  if  made  of  steel,  when  making  190  revolutions  per 
minute?  Ans.  1.181.64  horsepower. 

B.  The  machines  driven  by  a  certain  line  of  wrought-iron  shafting 
take  their  power  from  various  points  between  the  bearings ;  and,  if  all 
were  working  together  at  their  full  capacity,  they  would  require  AS 
horsepower  to  drive  them.  What  diameter  should  the  shaft  be  if  It 
runs  at  190  revolutions  per  minute  ?  Aj;^  8}  la. 
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HEAT. 

656.  Heat  is  a  form  of  energy.  It  is,  in  fact,  a 
motion  of  the  molecules  composing  matter.  It  was  stated 
in  Art.  434  that  all  matter  is  composed  of  molecules;  now, 
these  molecules  are  not  in  a  state  of  rest,  but  are  moving,  or 
vibrating  back  and  forth,  with  a  greater  or  less  velocity, 
and  it  is  this  movement  of  the  molecules  that  causes  the 
sensations  of  warmth  or  cold.  If  the  motion  is  slow,  the 
body  appears  cold  to  the  touch;  when'  the  vibrations  are 
rapid,  the  body  becomes  warm  or  hot. 

It  was  shown  in  Art.  S45,  rule  lOO.  that  a  body  tn 
motion  has  kinetic  energy,  the  amount  of  which  is  measured 
in  foot-pounds,  and  is  found  by  multiplying  the  weight  of 
the  body  by  the  square  of  its  velocity  and  dividing  by  G4.33. 
Since  the  molecules  composing  matter  are  in  motion,  they 
must  possess  kinetic  energy,  and  we  are  justified,  therefore, 
in  saying  that  heal,  this  motion  of  the  molecules,  is  a  form  of 
energy. 

657.  Temperature  is  a  term  used  to  indicate  how  hot 
or  cold  a  body  is;  i.e.,  to  indicate  the  rate  of  vibration  of 
the  molecules  of  a  body.  A  hot  body  has  a  high  tempera- 
ture; a  cold  body,  a  low  temperature.  When  a  body,  as,  for 
example,  an  iron  bar,  receives  heat  from  any  source,  its 
temperature  rises;  on  the  other  hand,  when  a  body  loses 
heat,  its  temperature  falls. 

The  temperature  is  not  a  measure  of  the  quantity  of  heat 
a  body  possesses.  Temperature  may  be  considered  to  he  a 
measure  of  the  velocity  of  the  molecules  of  a  body  as  they 
vibrate  to  and  fro,  while  the  qnantity  of  heat  may  be  con- 
sidered to  be  the  kinetic  energy  of  the  molecules  com- 
posing the  body.  A  small  iron  rod  may  be  heated  to 
whiteness  and  yet  possess  a  very  small  quantity  of  heat. 

For  nnliut  „t  Ihc  L-..pyrIghl.  6cq  page  immediately  CollowinB  the  title  pano. 
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Its  temperature  is  very  high,  which  simply  indicates  that 
the  molecules  of  the  rod  are  vibrating  with  an  extremely 
high  velocity. 

Temperature  is  measured  by  an  instrument  called  the 
thermometer,  which  is  so  familiar  as  to  scarcely  need 
description.  It  consists  of  a  thin  glass  tube,  at  one  end  of 
which  is  a  bulb  filled  with  mercury.  Upon  being  heated 
the  mercury  expands  in  proportion  to  its  temperature. 
Thermometers  are  graduated  in  different  ways.  In  the 
Fahrenheit  thermometer,  which  is  generally  used  in  this 
country,  the  point  where  the  mercury  stands  when  the 
instrument  is  placed  in  melting  ice  is  marked  32°.  The 
point  indicated  by  the  mercury  when  the  thermometer  is 
placed  in  water  boiling  in  the  open  air  at  the  level  of  the 
sea  is  marked  313°.  The  tube  between  these  two  points  is 
divided  into  180  equal  parts  called  degrees. 


65S.  Effects  of  Heat. — Suppose  we  take  a  vessel 
filled  with  water.  Let  the  vessel  be  a  cylinder  fitted  with  a 
piston,  as  shown  in  Fig.  142.  The  water  is  say  at  the 
freezing  point,  and  the  millions  of  molecules  composing  the 
water  are  moving  to  and  fro  with  a  comparatively  small 
velocity.  Place  the  vessel  in  a  fire  or  fur- 
nace. Heat  is  communicated  to  the  mole- 
cules of  water,  and  they  begin  to  move 
faster  and  faster  and  faster.  That  is,  their 
kinetic  energy  increases,  and,  if  a  thermom- 
eter were  inserted  in  the  vessel,  it  would  be 
found  that  the  temperature  of  the  water 
rises.  Consequently,  one  effect  of  heat  is  to 
raise  the  temperature  of  the  body  to  which 
it  is  applied.  But,  after  reaching  a  certain 
temperature,  the  molecules  of  the  water  not 
only  move  faster,  but  they  move  further  from 
each  other  and  their  paths  are  longer.  It 
is  plain  that  if  the  molecules  are  further  apart 
—  than  they  were  originally,  the  whole  body 
of  them  must  take  up  more  space.     In  other 
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words,  after  reaching  a  certain  temperature,  the  water  ex- 
pands as  heat  is  added.  Hence,  another  effect  of  heat  is  to 
expand  bodies  to  which  it  is  applied.  Common  examples  of 
the  expansion  of  bodies  by  heat  are  seen  in  the  setting  of 
tires,  the  expansion  of  the  rails  of  a  railway  in  summer,  etc. 

059<  The  heat  supplied  to  the  vessel  of  water  has  so  far 
done  three  things:  1.  Raised  the  temperature  of  the  water 
and  thus  increased  the  kinetic  energy  of  the  molecules.  (Let 
the  amount  of  heat  expended  for  this  purpose  be  denoted  by 
S.)  3.  A  certain  quantity  of  heat  has  been  used  in  expand- 
ing the  water;  that  is,  in  pushing  its  molecules  further  apart 
against  the  force  of  cohesion.  (Denote  the  amount  of  heat 
so  expended  by  /.)  3.  Since  the  water  expands,  it  must 
raise  the  piston  /"against  the  pressure  of  the  atmosphere, 
and,  consequently,  more  heat  must  be  used  to  expand  the 
water  than  would  be  required  if  there  were  no  pressure  on 
the  upper  side  of  the  piston.  (Call  this  extra  quantity  of 
heat,  iV.) 

If  we  denote  by  Q  the  total  heat  given  up  to  the  vessel 
of  water,  we  have 

Q  =  S+/+W. 

660.  Ordinarily,  the  greater  part  of  the  heat  given  to  a 
body  is  spent  in  raising  its  temperature,  and  but  little  is  used 
in  expanding  the  body.  That  is,  the  quantity  5  is  nearly 
equal  to  the  quantity  Q,  while  the  quantities  /and  IV  are 
extremely  small. 

Suppose  that  the  piston  is  removed  from  the  cylinder  of 
Fig.  143  and  a  thermometer  inserted.  As  the  vessel  be- 
comes more  and  more  heated,  the  temperature  indicated  by 
the  thermometer  will  rise  until  it  reaches  213°,  So  far  most 
of  the  heat  has  been  used  to  raise  the  temperature  of  the 
water.  But  now,  no  matter  how  much  heat  is  added  to  the 
water,  the  thermometer  stands  at  iVi"  and  can  not  be  made 
to  rise  higher.  This  is  the  reason;  When  the  temperature 
reaches  313°  the  molecules  of  water  have  been  set  into  such 
rapid  motion  that  the  force  of  cohesion  is  no  longer  able  to 
hold  them  and  they  tend   to   separate.     In   other  words. 
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the  water  is  changing  to  a  gas  (steam),  and  all  of  the  heat  is 
being  used  to  effect  this  change.  The  temperature  of  the 
steam  will  remain  at  212°  untt!  all  the  water  is  changed 
to  steam ;  then,  if  more  heat  is  applied,  the  temperature  of 
the  steam  will  begin  to  rise. 

Suppose  we  take  a  block  of  ice  at  a  temperature  of  say 
11°  and  heat  it.  If  a  thermometer  is  placed  in  contact  with 
the  ice,  its  temperature  will  rise  until  it  reaches  32°  and  will 
then  remain  stationary.  As  soon  as  this  temperature  is 
reached  the  ice  begins  to  melt  or  change  to  water,  and  the 
heat,  instead  of  raising  the  temperature  further,  is  all  used 
to  effect  this  change  of  state.  Here,  then,  is  another  effect 
produced  by  heat.  It  will  change  a  solid  to  a  liquid  or  a 
liquid  to  a  gas. 

661.  Latent  Heat. — The  heat  which  is  expended  in 
changing  a  body  from  the  sohd  to  the  liquid  state  or  from 
the  liquid  to  the  gaseous  state  is  called  latent  beat.  The 
portion  of  the  heat  applied  which  raises  the  temperature,  and 
which,  therefore,  affects  the  thermometer,  is  sometimes 
called  sensible  heat. 

662.  Measurement  of  Heat. — Since  heat  is  not  a 
substance,  it  can  not  be  measured  directly  in  pounds  or 
quarts;  but,  like  force,  it  may  be  measured  by  the  effects  it 
produces.  Suppose  a  certain  quantity  of  heat  raises  the 
temperature  of  a  pound  of  water  from  52°  to  53°.  It  will 
take  the  same  quantity  of  heat  to  raise  the  temperature  of 
a  pound  from  53°  to  54°,  and  it  will  take  double  the  quantity 
to  raise  the  temperature  of  the  pound  of  water  from  52°  to 
54°  that  it  took  to  raise  the  temperature  from  52°  to  53°. 
The  unit  quantity  of  heat  is  the  quantity  required  to  raise 
the  temperature  of  a  pound  of  water  from  C2°  to  C3°.  This 
unit  is  called  the  Britlsb  tliermal  unit,  or  B.  T.  U. 

663.  Relation  Between  Heat  and  'Work. — Sup. 
pose  that  in  the  experiment  shown  in  Fig.  li'l,  the  piston  had 
been  allowed  to  remain  in  the  cylinder  while  the  water  was 
being  changed  to  steam.  Steam  at  212°  occupies  nearly 
1,7(>0  times  the  space  that  the  water  originally  occupied. 
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Hence,  the  piston  would  be  lifted  in  the  cylinder  to  make 
room  for  the  steam  which  was  being  formed.  But  to  raise 
the  piston,  work  must  be  done.  Here,  then,  is  an  example 
of  work  being  performed  by  heat.  On  the  other  hand,  work 
will  produce  heat.  If  two  blocks  of  wood  are  rubbed  briskly 
together,  they  will  become  warm  and  may  even  ignite.  The 
work  of  friction  causes  the  journals  and  bearings  of  fast -run- 
ning machines  to  heat.  A  small  iron  rod  may  be  raised  to 
a  very  considerable  heat  by  pounding  it  on  an  anvil. 

664.  Since  work  may  be  changed  into  heat,  and  heat 
into  work,  it  seems  probable  that  there  is  some  fixed  ratio 
between  the  unit  of  heat  (B.  T.  U.)  and  the  unit  of  work, 
the  foot-pound.  By  a  careful  series  of  experiments  Dr.  Joule, 
of  England,  discovered  this  ratio. 

He  found  that  one  B.  T.  U.  was  equal  to  773  foot-pounds; 
later  and  more  careful  experiments  show  that  778  foot- 
pounds is  more  nearly  correct.  This  number,  778  foot-pounds, 
is  called  the  mectaanlcal  equivalent  of  one  B.  T.  U. 

665>  We  have,  then,  the  following  important  law :  Heat 
may  be  changed  to  work,  or  work  to  heat;  778  foot-pounds  of 
work  are  required  to  produce  one  B.  T.  U.,  and,  conversely, 
the  expenditure  of  one  B.  T.  U.  produces  778  foot-pounds  of 
work. 

Example  1, — The  burning  of  a  pound  of  coal  gives  out  sufficient 
heat  to  raise  14,000  pounds  of  water  from  62°  to  63°.  If  all  this  heat 
is  utilized,  bow  high  will  it  lift  a  weight  of  TOO  pounds  ? 

Solution.— Since  one  B.  T,  U.  raises  a  pound  of  water  from  63°  to 
63°,  it  requires  14.000  B.  T.  U.  to  raise  14,000  lb.  of  water  from  62°  to 
63°.  Hence,  the  burning  of  the  pound  of  coal  gives  out  14,000  B.  T.  U. 
One  B.  T.  U.  is  equivalent  to  778  foot-pounds;  hence,  14,000  B.  T.  U. 
are  equivalent  to  14,000  x  178=  10,8»2,000  foot-pounds.  Then,  the 
height  to  which  the  weight  can  be  raised  is  10,883,000  -c  700  =  15,660 
feeL    Ans. 

ExAHPLB  2.— A  cannon  ball  weighing  60  pounds  moves  with  a 
velocity  of  1.800  ft.  per  sec  Suppose  the  ball  were  suddenly  stopped 
and  all  its  kinetic  energy  changed  into  heat.  How  many  B.  T.  U. 
would  be  developed  ?  If  all  this  heat  were  applied  to  100  lb.  of  water 
at  a  temperature  of  60",  to  what  temperature  would  the  water  be 
raised? 


.dbyGoogle 


278  STEAM  AND  STEAM  BOILERS. 

Solution.— By  rule  lOO,  Art.  54S,  the  kinetic  energy  of  the 
cannon  ball  is  -^^  =  !Z^-^^  =  1.576.4»a  foot-pounds.  But 
778  foot-pounds  =  I  B.  T.  U.  Therefore,  the  number  of  B.  T.  U^ 
developed  is  1.576,483  -i-  778  -.  3,028.3  li.  T.  U.  Since  1  B.  T.  U.  raises 
the  temperature  of  a  pound  of  water  1  degree,  it  will  take  lOO  B.  T.  U. 
to  raise  100  pounds  of  water  1  degree.  Hence,  2.020,3  B.  T.  U.  will 
raise  100  pounds  of  water  3.026,3  +  100  =  20.263',  and  the  final  temper- 
ature of  the  water  will  be  60°  +  20.263-  =  80.368'.    Ans. 

666.  Specific  Heat.— One  B.  T.  U.  raises  the  tem- 
perature of  a  pound  of  water  one  degree;  will  it  have  the 
same  effect  on  a  pound  of  mercury  ?  Heat  two  one-pound 
iron  balls  to  the  temperature  of  boiling  water,  213°;  having 
now  the  same  weights  and  temperatures,  each  ball  has  the 
same  quantity  of  heat.  Place  one  of  these  balls  in  a  vessel, 
into  which  slowly  pour  enough  water  at  a  temperature  of  60° 
■that  the  iron  will  be  cooled  to  70°  while  the  water  is  heated 
to  the  same  temperature.  Now,  place  the  other  hot  bait  in 
another  vessel,  into  which  pour  mercury  at  a  temperature 
of  60°  until  the  iron  and  mercury  reach  a  common  tem- 
perature of  70°,  In  .each  case  the  ball  was  cooled  from 
212°  to  70°;  each,  therefore,  gave  up  the  same  quantity 
of  heat.  When,  however,  we  consider  its  effects,  we  find 
that  it  raised  less  than  i  pound  of  water  through  a  range 
of  10°,  while  14i  pounds  of  mercury,  nearly  30  times  as 
much,  was  raised  through  the  same  range.  It  is  plain, 
therefore,  that  to  raise  a  pound  of  mercury  from  63°  to  63° 
requires  -^  the  heat  necessary  to  raise  a  pound  of  water 
froni  62°  to  G3°,  Hence,  we  say  the  specific  beat  of  the 
mercury  is  ^V.  or  .0333. 

667.  T/ie  specific  heat  o/  a  body  is  the  ratio  between 
the  quantity  of  hi-at  required  to  warm  that  body  one  degree 
and  the  quantity  of  heat  required  to  "warm  an  equal  weight 
of  water  one  degree. 

ExAUPLB  1.— It  is  found  that  to  raise  the  temperature  of  201b.  of 
iron  from  62°  to  63^  requires  3.376  B.  T.  U.  What  is  the  specific  heat 
of  iron  ? 

SoLUTioH.— To  raise  20  lb.  of  water  from  02°  to  68°  requires  20 
B.  T.  U.     The  specific  heat  of  the  iron  is,  according  to  the  above 
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definition,  the  ratio  between  the  quantities  of  heat  required  to  warm 
the  iron  and  the  water,  respectively,  through  one  degree,  that  is,  it  is 
the  ratio  2.376:  30  =  3.376-1- 20  =.1138.     Ans. 

Example  2.— The  specific  heat  of  silver  is  .057.  How  many  B.  T.  U. 
are  required  to  raise  the  temperature  of  22  lb.  of  silver  from  60°  to  60'  ? 

Solution. — To  raise  the  temperature  of  a  fiound  of  water  one 
degree  requires  one  B.  T.  U.  Since  the  specific  heat  of  silver  is  .(W7, 
only  .057  B.  T.  U.  is  required  to  raise  one  pound  of  silver  one  degree. 
Hence,  to  raise  23  pounds  of  silver  10  degrees  must  require  .057  X  32  x 
10  =  12.54  8.  T.U.     Ans, 

Rule  130. —  To  find  the  number  of  B.  T.  U.  required  to 
raise  the  temperature  of  a  body  a  given  number  of  degrees, 
multiply  the  specific  heat  of  the  body  by  its  weight  in  pounds 
and  by  the  number  of  degrees. 

Denote  the  number  of  B.  T.  U.  required  by  U;  the  specific 
heat  by  c;  the  weight  by  W,  and  let  /  and  /,  be  the  temper- 
atures before  and  after  the  heat  is  applied,  respectively. 

Then,  U=c  W{t,-t). 

The  specific  heat  of  some  of  the  more  common  substances 
is  given  in  the  following  table  : 

TABLE  26. 


Substance. 

Specific 
Heat. 

Substance. 

Specific 

Heat. 

LOOOO 
.2026 
.1138 
.0051 
.0570 
.0502 
.0333 
.0314 

Steam  (Superheated). 

4805 

Copper 

Silver 

3  4090 

Mercury 

Lead 

Carbon  Monoxide.  . . 
Carbon  Dioxide 

.2479 
.2170 

668.  Latent  Heat  uf  FuBlon. — This  term  is  applied 
to  the  quantity  of  heat  required  to  change  a  pound  of  a  given 
substance  from  the  solid  to  the  liquid  state.  The  only  case 
of  interest  to  the  engineer  is  the  heat  required  to  change 
a  pound  of  ice  to  water.     Careful   experiments  show  that 
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about  Hi  B.  T.  U.  are  required  to  change  a  pound  of  ice  at 
32°  to  water  at  32°.  Hence,  the  latent  heat  of  water  is  144 
B.  T.  U. 

669.  The  latent  taeat  of  steam  is  the  quantity  of 
heat  required  to  change  a  pound  of  water  at  212°  into  steam 
at  212°.  Experiment  shows  that  this  quantity  of  heat  is 
about  906  B.  T.  U.  This  shows  that  the  heat  required  to 
change  a  pound  of  water  at  212°  to  steam  is  906  times  as 
great  as  the  quantity  required  to  raise  the  temperature  of  a 
pound  of  water  from  C2°  to  03°.  The  latent  heat  of  steam 
is  different  for  different  temperatures. 

ExAMPLB. — Mow  many  B.  T.  U.  are  required  to  change  6  pounds  of 
ice  at  15"  into  steam  at  213°  ? 

SoLUTios. — To  raise  the  temperature  of  the  ice  from  IS"  to  33°  (the 
melting  temperature)  requires,  according  to  rule  130| 

c  IV{/,  -  /)=  Mi  X  5  X  (33  -  15)  =  42.84  B.  T.  U. 

To  change  the  ice  to  water  requires  144  B.  T.  U.  for  each  pound,  or 
144  X  5  =  720  B.  T.  U.  To  raise  the  water  from  83'  to  BIS"  requires, 
according  to  the  same  rule, 

^  Wf^,  _/)  =  lX5x(212-82)  =  BXl80  =  «'0B.  T.  U. 

Finally,  to  change  the  water  to  steam  requires  960  B.  T.  U.  per 
pound,  or  Bee  x  a  =  4.830  B.  T.  U.  Therefore,  in  all.  43.84  +  730  + 
900  +  4,830  =  6,493.84  B.  T.  U.  are  required.     Ans. 

Expressed  in  foot-pounds,  the  work  required  to  effect  the 
above  change  would  be  6,492,84x778  =  5,051,429.5  foot- 
pounds, or  work  enough  to  lift  a  weight  of  1,000  pounds 
nearly  a  mile. 

^ince  a  pound  of  ice  requires  144  B.  T.  U.  to  change  it  to 
water,  it  follows  that  when  a  pound  of  water  at  32°  changes 
to  ice  (freezes),  144  B.  T.  U.  are  given  out  in  the  process. 
Similarly,  the  condensation  of  a  pound  of  steam  into  water 
at  212°  liberates  060  B.  T.  U.  This  principle  is  applied  in 
heating  buildings  by  steam.  The  steam  passes  through  the 
radiators  and  condenses.  The  latent  heat  thus  set  free 
warms  the  building. 

670.  Temperature  of  Mixtures. — It  is  often  desir- 
able to  calculate   the  final   temperature    of  a  mixture    of 
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different  substances  at  different  temperatures.  The  follow- 
ing law  is  to  be  observed  in  such  cases :  The  quantity  of  heat 
in  a  mixture  is  the  same  as  the  quantity  of  heat  contained  in 
the  substances  before  being  combimd.  If  two  substances  of 
different  temperatures  are  placed  together,  they  both  finally 
attain  the  same  temperature ;  the  heat  lost  by  the  one  in 
coming  from  a  higher  to  a  lower  temperature  is  gained  by 
the  other  in  passing  from  a  lower  to  a  higher  temperature. 

Rule  131. —  To  find  the  temperature  of  a  mixture  of  sev- 
eral substances,  multiply  together  the  -weight,  specific  heat, 
and  temperature  of  each  substance  separately,  and  add  the 
products.  Next  multiply  together  the  weight  and  specific 
heat  of  each  of  the  substances  separately,  and  add  these  prod- 
ucts. Divide  the  former  sum  by  the  latter.  The  result  will 
be  the  temperature  of  the  mixture. 

Example. — IS  pounds  of  water  at  42°  and  80  pounds  of  mercury  at 
70°  are  placed  in  the  same  vessel,  and  a  ball  of  lead  weighing  1ft  pounds, 
and  having  a  temperature  of  110°,  is  immersed  in  the  mixture.  What 
will  be  the  final  temperature  of  the  contents  ? 

Solution.— Applying  the  rule  just  given,  the  product  of  the  weight, 
specific  heat,  and  temperature  of  the  water  is  15  X  1  X  42  =  680;  of  the 
mercury,  30  x  .0338  X  70  =  6B.88;  of  the  lead.  1»  x  0814  x  110  =  «6.62«, 
and  the  sum  is  630  +  60.03  +  65.036  =  765.S56. 

The  product  of  the  weight  and  specific  heat  of  the  water  is  15  X  1  = 
13;  of  the  mercury,  30  X  0338  =  .090;  of  the  lead,  19  X  0314  =  .5066, 
and  the  sum  is  15  +  .900  +  .6966  =  16.5956.  Then,  the  temperature  of 
s765,55e  +  16.S056  =  4e.]3°.    Ans. 


671.  A  particularly  important  case  is  the  mixture  of 
steam  and  water.  Let  If' and  /,  represent  the  weight  and 
temperature  of  the  steam,  and  let  ui  and  /  represent  the 
weight  and  temperature  of  the  water.  Let  7"  represent  the 
final  temperature  of  the  mixture,  and  L  the  latent  heat  of 
the  steam  at  the  given  temperature.  Then,  the  tempera- 
ture of  a  mixture  of  steam  and  water  may  be  found  by 
means  of  the  following  rule: 

Rule  132.  —  When  steam  and  water  are  mixed,  the  steam 
condenses.  To  find  the  final  temperature  of  the  mixture, 
add  together  the  latent  heat  and  the  temperature  of  the  steam. 
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and  multiply  ihe  sum  by  the  weight  of  the  steam.  To  thit 
product  add  the  product  of  the  weight  and  temperature  of  the 
water,  and  divide  the  sum  so  obtained  by  the  sum  of  the 
weights  of  the  steam  and  water.  The  quotient  will  be 
the  temperature  of  the  mixture. 

■   Thatis,  r=iIl<£+Li±ifL'. 

Example.— If  8  pounds  of  steam  at  212°  are  run  into  a  barrel  con- 
taining 300  lb.  of  water  at  43°,  what  will  be  the  final  temperature  ? 

Solution.— The  weight  of  the  steam  If^  =  8  lb. ;  the  latent  heat 
Z  =  M6  B.  T.  U. ;  the  temperature  /,  is  213°.  The  weight  of  the  water 
is  w  =  800  lb. :  the  temperature  is  43°.  Hence,  by  the  last  rule,  the 
final  temperature  T  is 

^_  tf(Z  +  /.)  +  w/_8x(W6  +  ai2)  +  300x43  _^„ 

' M' _!_.,„ -  U-,_<t.HI ^■'*  ■        ■'"^ 


EXAMPLES  FOR   PRACTICE. 

1.  A  body  weighing  143  pounds  falls  62  feet.  If  the  energy  of  the 
body  at  the  end  of  the  fail  be  changed  i  -  -  — 
would  be  developed  ? 

2.  An  expenditure  of  310  B.  T.  U.  per  min.  will  develop  how  many 
horsepower  ?  Ans.  4.95  H.  P. 

8.  Supposing  \  of  the  total  heat  of  the  coal  to  be  used  in  doing 
work,  how  many  pounds  of  coal  must  be  burned  per  hour  to  run  a 
40-horsepower  engine  ?  Each  pound  of  the  coal  gives  out  18,500  B.  T.  U. 

Ans.  62.81b- 

4.  Prom  what  height  must  a  block  of  ice  fall,  in  order  that  the  heat 
developed  by  its  collision  with  the  earth  may  be  just  enough  to  melt 
it,  supposing  that  alt  of  the  energy  gained  during  the  fall  is  converted 
into  heat?  Ans.   112,033  feet. 

5.  A  bar  of  iron  weighing  20  pounds,  and  having  a  temperature  of 
850°,  is  plunged  into  a  tank  containing  130  pounds  of  water  at  55°.  To 
what  temperature  will  the  water  be  raised?  Ans.   60°. 

6.  How  many  pounds  of  ice  at  32'  can  be  melted  by  3  pounds  of 
steam  at  212°?  Ans.  23.875  lb. 

Suggestion.— Each  pound  of  ice  requires  144  B.  T.  U.  to  melt  it; 
each  pound  of  steam  m  changing  to  water  at  33°  gives  up  666-1- 
(212-82)=  1,146  B.T.U. 

7.  How  many  B.  T.  U.  are  required  to  raise  the  temperature  of 
26poundsof  copper  from  57°  to  93?  Ans.  89.1B.T.U. 
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8.  Pour  pounds  of  a  certain  substance  at  a  temperature  of  313°  are 
mixed  with  one  pound  of  water  at  50° ;  the  specific  heat  of  the  sub- 
stance being  .08125,  what  is  the  resulting  temperature  of  the  mixture  ? 

Ans.  68°. 


10.    Twenty  pounds  of  steam  at  313°  are  run  into  a  tank  containing 
840  lb.  of  water  at  42°.     What  will  be  the  flnaf  temperature  of  the 

Ans.  105.11°. 


STEAM. 

672.  Steam  is  water  vapor;  that  is,  it  is  water  changed 
into  3l  gaseous  state  by  the  application  of  heat. 

The  process  of  changing  water  (or  other  liquid)  into  vapor 
by  means  of  heat  is  called  evaporation  or  vaporization. 

673.  When  an  open  vessel  containing  water  is  placed  in 
contact  with  fire,  the  air  contained  in  the  water  is  first 
driven  off,  and  escapes  from  the  surface.  The  water  in 
contact  with  the  part  of  the  vessel  nearest  the  fire  receives 
heat  first  and  expands.  Its  specific  gravity  is  reduced;  that 
is,  it  becomes  lighter  than  the  cooler  water  above  it,  and  it 
rises  to  the  surface,  cooler  water  taking  its  place.  In  this 
manner  the  water  keeps  up  a  circulation  until  it  reaches  a 
temperature  of  212°.  At  this  stage  the  molecules  nearest 
the  fire  attain  such  a  velocity  of  vibration  that  they  rise 
through  the  water  above  them,  overcome  the  pressure  of 
the  air,  and  escape  in  the  form  of  gas.  When  this  occurs, 
the  water  boils. 

It  is  plain  that  if  the  pressure  on  the  surface  of  the  water 
is  increased,  it  will  require  more  work  to  force  the  molecules 
to  the  surface  against  this  increased  pressure.  That  is, 
more  heat  must  be  expended  upon  the  water  to  make  it  boil, 
and,  therefore,  the  boiling  point  will  be  raised.  We  have 
seen  that  when  water  boils  in  the  open  air,  exposed,  there- 
fore, to  the  atmospheric  pressure  of  1-1.7  lb.  per  sq.  in.,  the 
boiling  begins  when  a  temperature  of  212°  is  reached.  If 
the  pressure  on  the  surface  is  increased  to  say  33  lb.  per 
sq.  in.,  the  water  will  not  boil  until  it  reaches  a  temperature 
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of  254°.  On  the  other  hand,  if  the  pressure  is  lowered  to  6  lb. 
per  sq.  in.,  the  water  will  boil  when  it  reaches  170°.  Hence, 
we  have  the  following  law: 

j4n  increase  of  fin-ssure  on  the  surface  of  a  liquid  raises  the 
temperature  at  which  it  boils  ;  a  decrease  of  pressure  lowers 
the  temperature  at  which  it  boils. 

674.  Steam  in  contact  with  water  is  called  saturated 
steam.  This  is  the  condition  of  steam  in  a  boiler.  Accord- 
ing to  the  law  just  given,  the  temperature  of  saturated 
steam  depends  upon  the  pressure  only.  When  the  steam  in 
a  boiler  shows  a  gauge  pressure  of  60  pounds,  its  tempera- 
ture Must  be  307°.  A  thermometer  placed  in  a  boiler  could 
be  used  to  tell  the  pressure  of  the  steam.  It  would  be  as 
accurate,  though  not  as  convenient,  as  a  steam  gauge. 

The  reader  is  cautioned  against  the  idea  that  saturated 
steam  necessarily  implies  "wet"  steam.  It  may  be  per- 
fectly free  from  water  particles,  but  it  is  saturated  if  in  any 
way  in  contact  with  water,  so  that  the  pressure  and  tempera- 
ture are  mutually  dependent.  In  the  steam  boiler,  for 
example,  the  space  above  the  water,  if  viewed  through  a 
glass-covered  opening,  appears  perfectly  transparent  as 
though  iilled  with  air,  provided  the  boiler  is  not  working. 
This  shows  that  the  steam  which  fills  this  space  is  perfectly 
"dry."  When,  however,  the  boiler  is  steaming  rapidly,  the 
violent  ebullition  may  throw  up  a  certain  amount  of  water 
in  the  form  of  spray,  which  mingles  with  the  steam,  giving 
it  the  misty  appearance  shown  in  the  exhaust  from  an 
engine.  Steam  in  this  condition  is  "  *wet "  saturated 
steam. 

675.  Steam  separated  from  water  may  be  heated  like 
air  or  any  other  gas  until  its  temperature  is  higher  than  the 
boiling  point.  To  illustrate,  put  a  little  water  in  a  cylinder 
as  at  (a).  Fig.  143.  Suppose  that  the  area  of  the  cylinder  is 
100  sq.  in. ;  then  the  pressure  of  the  atmosphere  upon  the  pis- 
ton is  14.69  X  100-  1,469  lb.  (The  number  14.69  is  a  little 
more  exact  than  14.7,) 

When  a  part  of  the  water  is  changed  to  steam,  as  at  (b). 
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Fig,  143,  the  steam  is  in  a  saturated  state,  and  at  this  pres- 
sure its  temperature  can  not  be  higher  than  212°.  When, 
however,  the  water  is  all 
changed  to  steam,  as  at  {c), 
any  further  addition  of  heat 
raises  its  temperature,  while 
the  pressure  remains  at  14.69 
lb.  per  sq.  in.  Steam  in  this 
latter  condition  is  super- 
heated steam.  The  spe- 
cific heat  of  superheated  steam 
at  constant  pressure  is  .4805, 
or  say  .48  for  ordinary  pur- 
poses; that  is,  .48  of  one 
B.  T.  U.  will  raise  the  temper-  •'"=  '"- 

ature  of  a  pound  of  superheated  steam  one  degree.  The 
temperature  of  saturated  steam  can  not  be  raised  if  the 
pressure  remains  constant.  Alt  the  heat  is  expended  in 
changing  water  to  steam,  and  until  all  the  water  is  vaporized, 
the  temperature  remains  constant. 


STEAM    TABLES. 
676.      Whenever   the   pressure   of    saturated   steam   is 
changed,  there  are  other  properties  which  also  change  with 
it.     These  properties  are  the  following: 

1.  The  temperature  of  the  steam,  or,  what  is  the  same 
thing,  the  boiling  point. 

2.  The  number  of  B.  T.  U.  required  to  raise  a  pound  of 
water  from  32°  to  the  boiling  point  corresponding  to  the 
given  pressure.     This  is  called  the  heat  of  the  liquid. 

3.  The  number  of  B.  T.  U,  required  to  change  the  water 
at  the  boiling  temperature  into  steam  at  the  same  tempera- 
ture. This  is  called  the  latent  heat  of  vaporization, 
or,  simply,  latent  heat. 

4.  The  number  of  heat  units  required  to  change  a  pound 
of  water  at  32°  to  steam  of  the  required  temperature  and 
pressure.  This  is  called  the  total  heat  of  vaporization, 
or,  simply,  total  heat. 
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It  is  plain  that  the  total  heat  is  the  sum  of  the  heat  of  the 
liquid  and  the  latent  heat.  That  is,  total  heat  =  heat  of 
liquid  +  latent  heat. 

5.  The  Bpeclflc  volume  of  the  steam  at  the  given  pres- 
sure ;  that  is,  the  number  of  cubic  feet  occupied  by  a  pound 
of  steam  of  the  given  pressure. 

6.  The  density  of  the  steam;  that  is,  the  weight  of  one 
cubic  foot  of  the  steam  at  the  given  pressure. 

677.  All  the  above  properties  vary  with  the  pressure 
of  the  steam.  Fur  example,  if  steam  is  at  atmospheric 
pressure,  the  temperature  is  at  212°;  the  heat  of  the  liquid 
is  180.531  B.  T.  U. ;  the  latent  heat,  flfifi.OGfl  B.  T.  U. ;  the 
total  heat,  l,14fi.6  B.  T.  U.  A  pound  of  steam  at  this  pres- 
sure occupies  26.37  cu.  ft.,  and  a  cubic  foot  of  the  steam 
weighs  about  .037928  lb.  When  the  pressure  is  70  lb.  per 
sq.  in.  above  vacuum,  the  temperature  is  302.774";  the  heat 
of  the  liquid  is  272.657  B.  T.  U. ;  the  latent  heat  is  901.620 
B.  T.  U. ;  the  total  heat,  1,174,286  B.  T.  U.  A  pound  of  the 
steam  occupies  0.076  cu.  ft.,  and  a  cubic  foot  of  the  steam 
weighs  .164584  lb. 

These  properties  have  been  determined  by  direct  experi- 
ment for  all  ordinary  steam  pressures.  They  are  given  in 
the  Table  of  the  Properties  of  Saturated  Steam. 

678.  Explanation  of  the  Table. — Column  1  gives 
the  pressures  from  1  to  300  pounds.  These  pres-sures  are 
above  vacuum.  The  steam  gauges  fitted  on  steam  boilers 
register  the  pressure  above  the  atmosphere.  That  is,  if  the 
steam  is  at  atmospheric  pressure,  14.7  lb.  per  sq.  in.,  the 
gauge  registers  0.  Con.sequently,  the  atmospheric  pressure 
must  be  added  to  the  reading  of  the  gauge  to  obtain  the 
pressure  above  vacuum.  In  using  the  table,  care  must  be 
taken  not  to  use  the  gauge  pressures  without  first  adding 
14.7  lb.  per  sq.  in. 

Pressures  registered  above  vacuum  are  called  abtHtlute 
preiMures.  The  pressures  given  in  column  1  are  absolute. 
Absolute  pressure  per  sq.  in.  =  gauge  pressure  per  sq.  in,  -|- 
14.7. 
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Column  2  gives  the  temperature  of  the  steam  when  at  the 
pressure  shown  in  column  1, 

Column  3  gives  the  beat  of  the  liquid.  It  will  be 
noticed  that  the  values  in  column  3  may  be  obtained  approx- 
imately by  subtracting;  33°  from  the  temperature  in  column 
2.  If  the  specific  heat  of  water  were  exactly  1.00  at  all  tem- 
peratures, it  would,  of  course,  take  exactly  212  —  32=  180 
B.  T.  U.  to  raise  a  pound  of  water  from  32°  to  212°.  But, 
actually,  the  specific  heat  of  water  is  slightly  greater  than 
1,00  when  the  temperature  of  the  water  is  over  C2°,  and  it, 
therefore,  takes  180.531  B.  T.  U.  to  raise  the  temperature 
of  a  pound  from  32°  to  212°. 

Column  4  gives  the  latent  beat  of  vaporization,  which 
is  seen  to  decrease  slightly  as  the  pressure  increases. 

Column  5  gives  the  total  taeat  of  vaporization.  The 
values  in  column  5  may  be  obtained  by  adding  together  the 
corresponding  values  in  columns  3  and  4. 

Column  6  gives  the  weight  of  a  cubic  foot  of  steam  in 
pounds.  As  would  naturally  be  expected,  as  the  pressure 
rises,  the  steam  becomes  denser  and  weighs  more  per  cubic 
foot. 

Column  7  gives  the  number  of  cubic  feet  occupied  by  one 
pound  of  steam  at  the  given  pressure.  It  will  be  noticed 
that  the  corresponding  values  of  columns  G  and  7  multiplied 
together  always  produce  1.  That  is,  for  31.3  pounds  gauge 
pressure  (corresponding  to  id  lb.  in  Col.  1)  we  have 
.11088  X  fl.018  =  1.000,  very  nearly. 

Column  8  gives  the  ratio  of  the  volume  of  a  pound  of  steam 
at  the  given  pressure  to  the  volume  of  a  pound  of  water  at 
3U.  1°.  The  values  in  column  8  may  be  obtained  by  dividing 
62.425,  the  weight  of  a  cubic  foot  of  water  at  39.1°,  by  the 
numbers  in  column  y.         

EXAMPLES  ON  THE  USB  OF  THE  STEAM  TABI.B. 

Example  1. — Calculate  the  heat  required  to  change  H  pounds  of 
water  at  32"  into  steam  at  93  pounds  pressure  above  vacuum. 

Solution. —From  column  5,  the  total  heat  of  one  pound  at  92  lb. 
pressure  is  1.180.045  B.  T.  U. 

1.180.045  X  5  =  5,900.325  B.  T.  U.     Ans. 
ff.  M.    I.—£0 
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Ekamplb  2. — How  many  heat  units  are  required  to  raise  8}  pounds 
of  water  from  38°  to  350'  ? 

Solution. — Looking  in  column  3,  the  heat  of  the  liquid  of  one  pound 
at  250.293°  is  319.361  B.  T.  U.  319.361 -.398  =  218.9686.  T.  U.=  heat 
of  liquid  for  S50°.  Then,  for  8i  pounds  it  is  218.968  X  8^  =  1.861.238 
B.T.  U.    Ane 

Example  3. — How  many  foot-pounds  of  work  will  it  require  to 
change  60  jiounds  of  boiling  water  at  80  lb.  pressure,  absolute,  into 
steam  of  the  same  pressure  ? 

Sol  UT I  ON. —Looking  under  column  4.  the  latent  heat  of  vaporization 
is  89B.  108 ;  that  is,  it  takes  895. 108  B.  T.  U.  to  change  1  pound  of  water 
at  80  lb.  pressure  into  steam  of  the  same  pressure.  Therefore,  it  takes 
895.108  X  60  =  58,706.i8  B.  T.  U.  to  perform  the  same  operation  upon 
60  pounds  of  water. 

53,706.48  X  7T8  =  41,783.641.44  foot-pounds.     Ans. 

Example  4.— Find  the  volume  occupied  by  14  pounds  of  steam  at  80 
pounds,  gauge  pressure. 

Solution. — 30  pounds,  gauge  pressure,  =  80-1- 14.7  =  44.7  pounds, 
al)soIute  pressure.  The  nearest  pressure  in  the  table  is  44  pounds,  and 
the  volume  of  a  pound  of  steam  at  that  pressure  is  9.403  cubic  feet. 
The  volume  of  a  pound  at  46  pounds  pressure  is  9.018  cu.  ft.  9.408  — 
9.018  =  .385  cu.  ft.,  the  difference  in  volume  for  a  difference  in  pressure 

of  2  lb.  '—a-  =  .1925  cu.  ft.,  the  difference  in  volume  for  a  difference  in 
pressure  of  1  pound.  .1925  x  .7  =  .135  cu.  ft.,  the  difference  in  volume 
for  a  difference  in  pressure  of  .7  pound.  Therefore.  9.403  -.136  =  9.288 
cu.  ft.  is  the  volume  of  one  pound  of  steam  at  44.7  pounds  pressure. 
The  .135  cu.  ft.  is  subtracted  from  9.403  cu.  ft.,  since  the  volume  is  less 
for  a  pressure  of  44.7  lb.  than  for  44  lb. 

9.368  X  14  =  129.753  cu.  ft.     Ans. 

Exahplb  6. — Find  the  weight  of  40  cu.  ft.  of  steam  at  a  temperature 
of  354°. 

Solution.— The  weight  of  one  cubic  foot  of  steam  at  354.003'  is, 
from  the  table,  .078836  pound.  Neglecting  the  .002°,  the  weight  of  40 
■  c«,  ft.  is,  therefore, 

.078839  X  40  =  3. 15^m  jiounds.     Ans. 

Example  6.^How  many  pounds  of  sleam  at  64  pounds  pressure, 
absolute,  are  required  tu  raise  the  temjierature  of  800  pounds  of  water 
from  40"  to  130',  the  water  and  sieam  being  mixed  together  ? 

Solution.— The  number  of  heat  units  required  to  raise  one  pound 
of  water  from  40  to  130  is  i;)c)  -  40  =  90  B.  T.  U.  (Actually,  a  little 
more  than  90  would  be  required,  but  the  above  is  near  enough  for  all 
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practical  purposes. )  Then,  to  raise  800  pounds  from  40'  to  130'  requires 
90  X  800  =  27.000  B.  T.  U.  This  quantity  of  heat  must  necessarily  come 
from  the  steam.  The  total  heat  at  64  pounds  pressure,  absolute,  is  (see 
steam  table,  column  5)  l.na.46«  B.  T.  U.  above  83°.  180°  -  32°  =  B8'. 
Then,  total  heat  above  130"  is  1,172.466-98=1.074.466  B.  T.  U.  = 
number  of  heat-units  given  up  by  one  pound  of  steam  and  used  to  heat 
the  water. 

It  will,  therefore,  take  rr-,j",  .„„  =  85.18  pounds  of  steam  to  accom- 

l,tfi4.40o 

plish  the  desired  result.    Ans. 


BXAMPLES  FOR  PRACTICE. 

1.  How  many  foot-pounds  of  work  are  required  to  change  42  potinds 
of  water  at  the  temperature  corresponding  to  a  pressure  of  88  lb., 
absolute,  into  steam  at  a  temperature  corresponding  to  a  pressure  of 
1051b,,  absolute?  Ans.  29,208,lt)4.15  ft.-lb. 

2.  How  many  B.  T.  U.  are  required  I 
at  82"  into  100,0  lubic  feet  of  steam  ? 

8.  Find  the  number  of  heat  units  required  to  change  11  pounds  of 
water  at  82°  into  steam  at  100  pounds,  absolute  pressure, 

Ans.  13,000.536  8.  T.U. 

4.  Find  the  weight  of  713  cubic  feet  of  steam  at  a  pressure  of  88 
pounds,  gauge,  Ans.  81.680  tb. 

5.  How  many  pounds  of  steam  at  47.8  pounds  pressure,  gauge,  are 
required  to  raise  120  pounds  of  water  from  50°  to  180°  at  atmospheric 
pressure?  Ans.   12.0911b. 

6.  Find  the  volume  of  10  pounds  of  steam  at  a  pressure  of  62  lb.  pter 
Bq.  in,,  gauge.  Ans.  106.9SZco,  ft. 

TYPES  OF  MARINE  BOILERS- 

679.  A  Bteam  boiler  is  a  vessel  used  to  generate  steam 
for  different  purposes,  by  the  application  of  heat  to  water. 
The  heat  is  generated  by  the  combustion  of  some  fuel,  such 
as  coal  or  wood,  in  the  /urttace.  To  carry  away  the  products 
of  combustion  and  to  create  a  draught,  that  is,  supply  the 
burning  fuel  with  air,  the  furnace  is  connected  with  the 
stnokesiack,  sometimes  called  the  funnel.  The  water  used 
for  the  generation  of  steam  is  supplied  to  the  boiler  by  the 
feed  apparatus,  and  enters  the  boiler  through  the  feed-pipe. 
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The    steam   generated    in   the   boiler    is   conveyed    to    its 
destination  by  the  steam  pipe. 

680.  Where  any  portion  of  a  boiler,  such  as  a  plate  or 
tube,  is  in  contact  with  the  fire  or  hot  gases  on  one  side  and 
water  on  the  other,  the  surface  in  contact  with  the  fire  is 
called  the  taeatlniE  surface.  The  sum  of  all  such  surfaces 
is  called  tbe  total  heating  surface. 

Boilers  may  be  divided  into  three  classes,  stationary, 
locomotive,  and  marine  boilers. 

Marine  boilers  only  will  be  treated  of  here. 

THE    FLUE   BOILER. 

681.  The  simplest  form  of  marine  boiler,  as  used  to- 
day, is  the  flue  boiler,  shown  in  Pig.  144.  This  type  of 
boiler  is  still  in  extensive  use  on  Western  river  steamboats. 
It  consists  essentially  of'a  long  cylinder  a,  called  the  shell) 
made  of  iron  or  steel  plates  riveted  together.  The  ends  of  the 
boiler  are  closed  by  flat  or  hemispherical  plates  b  b,  called 
the  heads  of  the  boiler.  Two  or  more  flues  c,  c,  in  some 
instances  as  many  as  six,  are  fixed  to  the  front  and  rear 
heads.  To  the  front  of  the  boiler  a  sheet-iron  casing  (^,. 
known  as  the  front  connection,  is  secured;  the  upper  part 
of  this  leads  to  the  smokestack  e.  To  give  access  to  the 
flues,  doors /"are  provided.  When  two  boilers  are  placed  in 
one  setting,  as  shown  in  the  figure,  they  are  usually  con- 
nected to  a  steam  drum,  shown  at  g,  the  object  of  this 
drum  being  to  furnish  dry  steam.  Fitted  to  the  steam  drum 
is  the  stop  valve /■',  by  means  of  which  communication  be- 
tween the  boilers  and  the  engines  may  be  shut  oflE.  Con- 
nected to  the  stop  valve  is  the  steam  pipe  g^  which  conveys 
the  steam  to  the  engines.  Attached  to  the  top  of  the  steam 
drum  is  the  safety  valve,  shown  at  g[,  which  prevents  the 
steam  pressure  from  exceeding  the  safe  working  pressure 
of  the  boiler.  To  indicate  the  steam  pressure,  a  steam 
Kauge,  shown  at  t,  is  attached  to  each  set  of  boilers.  To 
indicate  the  water  level  within  the  boiler,  fcauK^-cucks, 

•  shown  at/,  are  fitted  to  the  front  heads.     A  manholes, 
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which  is  simply  a  hole  cut  in  the  shell  and  closed  by  a  suita- 
ble cover,  gives  access  to  the  inside  of  the  boiler.  The  steam 
drum,  safety  valve,  steam  gauge,  gauge-cocks,  and  manholes, 
will  be  considered  in  detail  further  on.  To  provide  a  quiet 
place  for  the  settlement  of  the  foreign  matter  held  in  suspen- 
sion in  the  water  used  for  feeding  the  boiler,  a  mud  drum  It, 
connected  to  the  shell  by  the  nozzle  //.  is  provided.  At- 
tached to  the  mud  drum  is  a  blow-oif  pipe  h'  provided  with 
a  stop-cock,  not  shown  in  the  figure,  by  means  of  which  the 
sediment  may  be  drawn  off,  or  the  boiler  emptied.  A 
similar  drum  k  is  attached  to  the  rear  of  the  boilers  to  re- 
ceive the  feed-water,  which  passes  thence  into  the  boilers. 
The  pipe  i^  leads  to  the  feed-pump. 

As  usually  set,  the  front  ends  of  the  boilers  are  supported 
in  a  cast-iron  front  A  resting  on  the  deck.  The  rear  ends 
are  supported  by  cast-iron  brackets  B  placed  underneath  the 
feed  drum  and  secured  to  the  deck.  Brickwork,  lined  with 
firebrick,  forms  the  sides  and  top  of  the  boiler  setting.  The 
bottom  of  the  setting  which  forms  the  lower  smoke  flue  m 
is  made  of  wrought-iron  plates  «,  «,  lined  with  firebrick. 
The  furnace  C  is  placed  under  the  front  end  of  the  boiler 
shell.  The  fuel  is  thrown  in  through  the  furnace  doors 
o,  o  and  burns  upon  the  grate  P,  the  ashes  falling  through 
the  grate  into  the  ash  pit  D,  which  is  provided  with 
doors  D'.  Behind  the  furnace  is  built  the  firebrick  bridge  r. 
It  serves  to  keep  the  hot  gases  in  close  contact  with  the 
under  side  of  the  shell.  The  gases  arising  from  the  combus- 
tion of  the  fuel  pass  from  the  furnace  C  over  the  bridge  r 
into  the  smoke  flue  m,  thence  into  the  cylindrical  boiler 
flues  f,  c,  whence  they  pass  into  the  front  connection  d  &aA 
up  the  smokestack,  which  is  provided  with  a  dompcri 
shown  at  ^. 

682.  It  will  be  seen,  by  referring  to  Fig.  144,  that  the 
brickwork  of  the  setting  covers  the  upper  portion  of  the 
boiler  shell  in  such  a  manner  as  to  prevent  the  hot  gases 
from  coming  in  contact  with  the  shell  above  the  water- 
line   W.     It  is  a  general    rule  in   boiler  construction  that* 
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under  no  circumstances  should  the  fire  line  be  carried  above 
the  water-line.  The  part  of  the  boiler  shell  above  the  brick- 
work, the  steam  drum,  and  the  steam  pipe  are  covered  with 
some  non-conducting  material  to  prevent  the  radiation  of 
heat. 

In  the  flue  boiler,  the  heating  surface,  according  to  the 
definition,  consists  of  the  part  of  the  shell  which  is  over  the 
furnace,  the  rear  head  {both  to  be  measured  up  to  the  under- 
side of  the  top  of  the  setting),  the  inside  of  the  flues  and  the 
front  head.  The  front  head  is  usually  omitted  in  calcula- 
ting the  heating  surface. 

683.  A  somewhat  similar  boiler,  known  as  a  plain 
cylindrical  boiler,  was  formerly  used.  This  was  a  boiler 
without  any  flues,  set  in  a  similar  manner  to  the  flue  boiler 
just  described.  Owing  to  the  small  amount  of  heating  sur- 
face presented,  a  greater  number  of  boilers  were  required; 
hence,  it  was  abandoned  in  favor  of  the  flue  boiler. 

By  extending  the  principle  of  the  flue  boiler,  that  is,  re- 
ducing the  size  and  increasing  the  number  of  flues,  the 
tubular  boiler  was  evolved.  This  boiler,  which  gives  a  greater 
heating  surface  than  the  flue  boiler,  has  been  constructed  in 
a  great  variety  of  forms,  but  most  of  them  have  been 
abandoned,  and  at  the  present  day  the  great  majority  of 
ocean  steamers  are  fitted  with  the  latest  development  of  the 
tubular  boiler,  namely,  the  Scotch,  or  drum,  boiler. 

Within  the  last  few  years,  however,  there  has  been  an  in- 
creasing tendency  to  use  water-tube  boilers,  especially  for 
steam  yachts,  steam  launches,  and  naval  vessels.  A  num- 
ber of  merchant  steamers  have  also  been  thus  fitted,  and  it 
is  quite  likely  that  in  the  near  future  the  Scotch  boiler  will 
be  replaced  to  a  large  extent  by  various  forms  of  water-tube 

boilers.  

THE    SCOTCH    BOILER. 

684.  The  Scotch,  or  drum,  boiler  Is  shown  in 
Fig.  145.  It  has  a  cylindrical  shell  with  flat  heads.  The 
diameter  of  these  boilers  may  vary  from  10  to  15  or  even  20 
feet;  the  length  may  vary  from  7  to  H  feet.     The  boiler  is 
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provided  with  two,  three,  or  four  largfc  corrugated  furnace 
flues  A,  A.  (The  one  shown  in  the  figure  has  four.)  The 
rear  end  of  each  furnace  flue  opens  into  a  combustion 
chamber  B.  Usually  each  flue  has  its  own  combustion 
chamber,  but  in  some  cases  two  or  more  flues  open  into  a 
common  chamber.  Nests  of  tubes  T,  T  extend  from  the 
front  plate  of  the  combustion  chamber  to  the  front  head  of 
the  shell.  These  tubes  place  the  combustion  chambers  5,  Bin 
communication  with  the  targe  smoke  chamber  E,  commonly 
known  as  the  front  connection.  The  upper  part  of  this 
chamber  forms  the  uptake,  which  in  turn  leads  directly  to 
the  smokestack. 

The  flat  heads  of  the  shell  are  kept  from  bulging  by  the 
heavy  stay  rods  A",  R,  and  further  by  the  diagonal  braces,  or 
palm  stays,  H,  H.  About  one-third  of  the  tubes  (those 
marked  with  a  cross  in  the  figure)  are  threaded  and  provided 
with  nuts,  and  thus  act  as  stayrods  for  the  flat  surfaces 
occupied  by  the  tubes.  The  flat  sides  of  the  combustion 
chambers  are  stayed  to  each  other  and  to  the  rear  head  by 
the  staybolts  S,  S.  The  flat  tops  of  the  combustion  cham- 
bers, called  the  crown  sheets,  are  strengthened  by  the 
girder  stays,  or  dogs  C,  C.  The  manholes  M,  M  give 
access  to  the  various  parts  of  the  boiler.  The  various  fit- 
.  tings  are  not  shown  in  the  figure,  but  are  attached  in 
convenient  places. 

The  furnaces  are  placed  within  the  corrugated  flues  A,  A. 
As  shown,  the  grate  G  is  made  in  three  sections,  supported 
by  the  cross-bars  A',  K.  Below  the  grate  is  the  ash  pit  D. 
At  the  rear  end  of  the  grate  is  placed  a  firebrick  plate  P  for 
the  purpose  of  preventing  cold  air  from  sweeping  through 
the  ash  pit  into  the  combustion  chamber  without  first 
passing  through  the  grate. 

The  gases  arising  from  the  combustion  of  the  coal  pass 
into  the  combustion  chamber  B,  where  they  undergo  further 
combustion  in  contact  with  the  air  which  passes  through  the 
grate.  The  hot  products  of  combustion  then  pass  through 
the  tubes  to  the  front  connection  E,  and  out  through  the 
stack. 
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It  is  seen  from  the  figure  that  the  flues  and  tubes  are 
completely  surrounded  by  water;  likewise,  the  combustion 
chambers. 

685.  In  Art.  680  it  was  stated  that  the  heating  sur- 
face of  a  boiler  is  that  surface  which  is  in  contact  with  the 
fire  or  hot  gases  of  combustion ;  the  other  surface  of  the  plate, 
etc.,  being  in  contact  with  the  water.  In  Fig.  1-16  the  water 
is  shown  covering  the  tubes  7",  7"  to  a  depth  of  several 
inches.  Hence,  from  the  foregoing  definition,  the  heating 
surface  of  a  Scotch  boiler  consists  of  the  following: 

1.  The  part  of  the  furnace  flues  above  the  grate. 

%  The  back,  sides,  and  top  of  the  combustion  chamber. 

3.  The  front  plate  of  the  combustion  chamber,  known  as 
the  back  tube-sheet. 

4.  The  inner  surface  of  the  tubes. 

5.  The  part  of  the  front  head  pierced  by  the  tubes, 
known  as  the  front  tube-sheet. 

As  the   front   tube-sheet  does  not  form  a  very  efficient 


heating  surface,  it  is  customary  not  to  consider  it  as  such  in 
computing  the  heating  surface  of  a  boiler. 

The  boiler  just  described   is  known  as  a  single-ended 
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Scotch  boiler,  meaning  that  it  is  provided  with  furnaces 
only  at  one  end. 

686.  In  Fig.  14G  is  shown  a  section  of  a  double- 
ended  Scotch  marine  boiler.  At  the  left  end  of  the  fig- 
ure, the  section  is  taken  through  one  of  the  lower  flues,  and  at 
the  right  end  through  one  of  the  upper  flues.  The  furnace 
flues  are  placed  in  each  end  of  the  boiler,  the  combustion 
chambers  being  near  the  center.  Each  chamber  is  con- 
nected with  the  nearest  head  by  a  nest  of  tubes  leading  to 
the  uptakes  H,  H. 

The  flat  surfaces  are  stayed  and  braced  as  just  described 
in  the  case  of  the  single-ended  boiler,     (Fig.  145.) 

The  process  of  combustion  and  the  path  of  the  gases  are 
the  same  as  for  the  boiler  just  mentioned.  The  plates 
P,  P  prevent  air  from  passing  from  the  ash  pit  to  the 
combustion  chamber.  The  steam  dome,  or  drum,  is 
attached  at  D. 

687.  Another  form  of  double-etided  boiler  is  shown  in 
Fig.  147.   The  furnace  flues  are  placed  in  each  end  of  the  shell. 


but  each  opposite  pair  opens  intu  a  common  combustion  cham- 
ber C.     Each  of  these  combustion  chambers  has  two  nests  of 
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tubes,  one  nest  connecting  it  with  one  head,  the  other  nest 
with  the  other  head.  The  gases  from  two  opposite  furnaces 
mix  together  in  the  common  combustion  chamber  and  then 
pass  through  the  two  nests  of  tubes,  one-half  to  one  smoke 
flue,  the  other  half  to  the  other.  In  other  respects,  the 
construction  of  the  boiler  is  similar  to  that  shown  in  Fig, 
146.     The  steam  dome  is  attached  at  S, 

688.  The  usual  method  of  setting  a  "  Scotch  "  boiler  is 
illustrated  in  Pig.  148.  Two  saddles,  or  cradles,  com- 
posed of  wrought-iron  plates.^,   A,  and  angle  irons  d,  d, 


^^ 

\ 

1 

bent  to  conform  to  the  shape  of  the  shell,  are  firmly  secuied 
to  the  framing  of  the  vessel.  The  boiler  rests  in  these 
saddles  and  is  secured  to  them,  if  the  boiler  is  small,  by  a 
strap  passing  around  the  boiler.  As  the  weight  of  the 
boiler  and  the  water  it  contains  would  throw  a  heavy  bend- 
ing strain  on  the  saddles  when  the  vessel  is  rolling  or  pitch- 
ing, some  further  means  of  securing  the  boiler  is  necessary. 
Usually  diagonal  braces  C,  C,  B,  B,  secured  to  the  top 
and  bottom  of  the  boiler,  a  pair  on  each  side,  are  employed 
for  this  purpose.  One  end  of  the  brace  is  flattened  and 
riveted  to  the  shell,  the  other  end  being  securely  attached 
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to  some   convenient   part   of   the   framing  of   the   vessel. 
Sometimes  the  end  of  the  brace 
threaded    and   provided    with 
*  nuts,  and  by  this  means  connected 
to  a  bracket  riveted  on  the  boiler 
shell;    the   tension   of   the   brace 
*''"■ '"  can  thus  be   adjusted.      The  ar- 

rangement is  shown  in  Fig,  149. 


THE  FIRE-BOX  BOILER. 
689.  A  fire-box  marine  boiler  is  illustrated  in  Fig. 
150.  The  shell  of  the  boiler  is  composed  of  two  differently 
shaped  parts  riveted  together.  The  rear  part  of  the  boiler 
is  cylindrical ;  the  front  part  is  of  a  rectangular  cross-section 
with  vertical  sides  and  a  semicircular  top.  There  are  one 
or  more  furnaces  A  (two  in  this  case),  with  vertical  sides 
and  a  round  top.  A  space  is  left  between  the  two  furnaces 
as  well  as  between  the  furnaces  and  the  sides  of  the  boiler; 
these  spaces  are  filled  with  water,  as  shown  at  a,  a,  and 
are  known  as  the  water  legs.  From  the  furnaces  the 
large  flues  c,  c,  c  lead  to  the  combustion  chamber,  or  back 
connectioD  B,  common  to  both  furnaces.  Two  nests 
of  tubes  T  connect  the  combustion  chamber  with  the 
front  connection,  or  uptake  C.  It  will  be  noticed  that 
the  uptake  is  inside  of  the  boiler  and  surrounded  by  water 
at  the  lower  end  and  by  steam  at  the  upper  end.  Such 
an  uptake  is  called  a  wet  uptake  to  distinguish  it 
from  the  form  of  an  uptake  used  with  a  Scotch  boiler, 
and  known  as  a  dry  uptake.  Access  to  the  front  and 
back  connections  is  provided  by  means  of  the  doors  D, 
D'.  The  upper  part  of  the  uptake  opens  directly  into  the 
smokestack  S,  which  is  provided  with  a  damper  F.  At  E 
the  steam  drum  is  shown  connected  to  the  shell  by  the 
nozzles  e,  e.  The  manhole  is  shown  at  G.  Handholes  h,  h, 
h  are  provided  to  facilitate  the  cleaning  out  of  the  water 
legs.  The  boiler  is  supported  at  the  rear  by  the  cast-iron 
saddle  H,  to  which  it  is  firmly  bolted,  the  saddle  in  turn 
being  securely  attached  to  the  timbers  or  framing  of  the 
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bottom  of  the  vessel.  The  front  part  of  the  boiler  is  fast- 
ened to  a  cast-iron  frame,  shown  aty.  This  frame  is  bolted 
to  the  framing,  and  also  forms  the  ash  pit  N.  Since  the  flat 
sides  of  the  furnaces  and  shells  would  bulge  on  account  of 
the  pressure,  they  must  be  braced  or  stayed.  This  is  ac- 
complished by  the  screw  stays  s,  s.  Similar  screw  stays  are 
also  employed  to  connect  the  combustion  chamber  with  the 
rear  head,  strengthening  them  both  against  bulging;  this 
kind  of  stay  is  also  used  between  the  combustion  chamber 
and  outer  shell  except  at  the  top,  which  is  strengthened  by 
the  girder  stays  h,  supported  by  the  sling  stays  g,  q.  The 
top  of  the  furnace  is  stayed  by  the  toggle  braces  /,  /,  attached 
to  rings,  shown  at  r,  r,  made  of  angle  iron  and  riveted  to 
the  shell.  Toggle  braces  p  are  used  to  stay  the  flat  sur- 
faces of  the  rear  head  and  of  the  uptake.  At  K  the  steam 
pipe  is  attached;  at  Z,  the  safety  valve;  the  furnace  door  is 
shown  at  P;  the  grate  at  M. 

690.  The  gases  of  combustion  pass  from  the  furnaces  A 
through  the  flues  c  to  the  combustion  chamber  /•',  whence 
they  pass  through  the  tubes  7"  to  the  front  connection  C  and 
up  the  smokestack  S.  As  shown  in  this  figure,  the  water 
legs  only  extend  down  a  little  below  the  grate,  the  ash  pit 
being  formed  by  the  frame  y.  Sometimes  there  is  a  water 
space  below  the  ash  pit ;  that  is,  the  furnace  and  ash  pit  are 
entirely  surrounded  by  water;  a  boiler  constructed  in  this 
manner  is  known  as  a  >vet-bottoined  boiler.  The  type 
illustrated  in  Fig.  150  is  called  a  dry-bottomed  boiler. 
Vertical  boilers  are  found  but  very  seldom,  and  have,  in  this 
country,  gone  almost  entirely  out  of  use  for  marine  purposes. 

In  the  fire-box  boiler  shown,  the  heating  surface  is  formed 
by  the  inside  of  the  furnaces  above  the  grate,  the  inside  of 
the  flues  c,  the  sides,  top  and  bottom  of  the  combustion 
_  chamber,  deducting,  of  course,  the  spaces  taken  up  by  the 
flues  (T,  c  and  the  door  D',  the  inside  of  the  tubes,  and  the 
sides  and  bottom  of  the  uptake.  Only  in  case  of  a  wet 
uptake  is  its  surface  to  be  taken  as  heating  surface,  and  then 
only  up  to  the  water-line. 
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WATER-TUBE  BOILERS. 
691.  The  boilers  previously  described  are  known  as 
f1re-tub«  boilers.  The  gases  of  combustion  pass  through 
the  tubes,  the  water  being  in  contact  with  the  outside  of 
the  tubes.  Since  all  fire-tube  boilers  are  of  great  weight 
(which  weight  is  increased  by  the  large  volume  of  water 
contained  by  them),  and,  since  they  also  occupy  consider- 
able space,  their  use  is  objectionable  in  small  vessels.  To 
overcome  the  above  disadvantages,  a  distinct  class  of  boilers, 
known  as  water-tube  boilers,  has  been  designed.  These 
boilers  have  come  into  extensive  use  during  the  past  few 
years,  and  their  use  is  gradually  extending  to  larger  vessels. 
In  a  water-tube  boiler  the  water  to  be  evaporated  is  con- 
tained within  the  tubes,  tiie  gases  of  combustion  being  in 
contact  with  the  outside  of  the  tubes. 


THe  ROBERTS    WATER-TUBB  BOILER. 

692*     A    Roberts    «rater-tube  boiler  is   shown    in 

Fig.  151.     The  construction  of  the  boiler  is  as  follows; 

A  cylindrical  steam  drum  A  forms  a  receptacle  for  a  small 
body  of  water,  the  space  above  the  water  forming  the  steam 
space;  it  is  made  of  a  steel  or  iron  plate,  and  closed  by 
flanged  heads  riveted  to  the  shell,  having  the  heads  stayed 
by  the  stayrods  shown  at  j«.  Two  side  pipes  E  {only  one  is 
shown  in  the  figure)  are  connected  to  the  front  and  back  of 
the  steam  drum  by  means  of  the  down-flow  pipes  C,  C,  the 
angular  down-flow  pipes  B'  and  the  cross  pipes  B.  It  will 
be  noticed  that  on  each  of  the  T's,  Z>  Z*  is  a  flange,  to  which 
are  bolted  the  angle  irons  carrying  the  jacket  G,  G.  A 
plate,  on  which  the  ends  of  the  grate  bars  X,  as  well  as  the 
firebrick  lining  /,',  are  supported,  extends  across  the  furnace 
in  the  front  and  rear,  the  plates  being  bolted  to  the  flanges 
of  the  bottom  T's,  The  grate  is  composed  of  two  lengths  of 
grate  bars,  which  are  held  up  at  the  center  of  the  furnace 
by  the  bearing  bars  x,  x,  which  in  turn  are  supported  by 
studs  screwed  into  the  bottom  of  the  side  pipes.  The  fire- 
brick lining  L  rests  on  the  side  pipes.  Connected  to  the 
H.  U.    l.—ti 
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top  of  the  side  pipes  are  the  up-flow  coils  c  and  d\  only  two 
are  shown  in  full,  the  rest  being  shown  broken  off;  they 
start  alternately  from  the  right  and  left  side  pipes.  These 
coiis  are  composed  of  pipes  and  return  bends,  with  the  re- 
turn bends  tapped  "on  a  spread;  "  that  is,  so  as  to  give  all 
the  pipes  an  upward  inclination.  This  is  clearly  shown  in 
the  front  elevation,  which  also  shows  at  c'  the  point  at  which 
the  up-Bow  coil  c  enters  the  steam  drum.  The  coil  d  enters 
the  steam  drum  at  a  similar  point  at  the  opposite  side.  Two 
feed  coils  »  and  v  are  placed  one  on  each  side  of  the  drum,  and 
are  supported  on  the  small  pipes  o,  o.  Superheating  coils 
ff  and  n'  are  placed  one  on  each  side  of  the  furnace,  outside 
of  the  up-flow  coils.  The  boiler  is  enclosed  at  the  four  sides 
and  the  top  by  a  sheet-iron  jacket  G  G,  lined  with  some 
non-heat-conducting  material.  An  opening  is  provided  in 
the  top  of  the  jacket,  through  which  the  smokestack  y  con- 
nects with  the  space  inside  of  the  jacket,  forming  the  com- 
bustion chamber,  the  space  directly  over  the  grate  .A"  being 
the  furnace.  At  W  the  water  column,  mounted  with  a 
glass  water-gauge  and  three  gauge-cocks,  is  shown.  The 
steam-gauge  is  shown  at  S;  the  furnace  door  at  K,  and  the 
ash  pit  at  Y. 

The  feed-water  enters  at  s  and  is  divided  into  two 
streams  by  a  partition  cast  with  the  T's.  One  stream 
passes  through  the  pipe  r  into  the  feed  coil  u ;  the  second 
stream  passes  through  a  similar  pipe  into  the  feed  coil  v. 
The  feed-water  is  heated  to  a  high  temperature  before 
leaving  the  coils.  On  leaving  them,  the  water  passing 
through  the  coil  a,  enters  the  steam  drum  at  a'',  and  the 
water  passing  through  v  enters  at  w.  In  operation,  the 
entering  feed-water  is  discharged  above  the  water-line  to 
allow  the  steam  which  may  have  formed  in  the  feed  coils  to 
rise  to  the  top  of  the  drum,  and  the  water  to  fall  to  the  water 
level.  The  horizontal  layers  of  the  feed  coils  are  separated  by 
cross  pipes,  shown  at  e,  placed  there  to  prevent  sagging  of 
the  free  ends  of  each  layer  of  pipe  composing  the  coils.  In 
order  to  show  the  coil  «  more  clearly,  these  pipes  have  been 
omitted  in  the  figure.     There  is  no  water  in  these  cross  pipes. 
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693.  The  boiler  being  filled  with  water  until  the  steam 
drum  is  about  one-quarter  full  vertically,  and  the  fire 
started,  the  water  expands  and  becomes  lighter  much 
faster  in  the  up-flow  coils  c  and  d  than  in  the  down-fiow 
pipes  Cand  C\  this  is  due  both  to  the  fact  of  the  small  pipes 
absorbing  a  greater  amount  of  heat,  owing  to  their  being 
directly  over  the  fire,  and  also  to  their  being  of  a  smaller 
diameter,  because  then  there  is  more  heating  surface  for  a 
given  volume  of  water  in  the  pipes.  The  result  is  that  the 
water  at  once  commences  to  rise  in  the  small  up-flow  coils 
and  to  fall  in  the  large  down-flow  pipes.  As  soon  as  steam 
bubbles  commence  to  form,  this  movement  of  the  water 
becomes  more  rapid,  as  water  holding  these  bubbles  is  much 
lighter  than  solid  water,  even  if  their  temperatures  are  the 
same.  To  assist  the  upward  flow  of  the  water,  the  pipes  c 
and  c  are  given  the  upward  inclination  previously  men- 
■  tioned. 

The  up-flow  coils  now  begin  to  throw  currents  of  water 
mixed  with  steam  bubbles  into  the  drum.  The  steam 
bubbles  break,  the  steam  rises  to  the  top  of  the  drum,  and 
the  solid  water  flows  out  of  each  end  into  the  cross  pipes 
leading  to  the  down-flow  pipes.  The  lower  part  of  the 
bottom  T,  D,  of  each  down-flow  pipe  forms  a  mudt  or 
Bediment,  pocket ;  that  is,  it  provides  a  quiet  place  for 
the  deposit  of  foreign  matter  held  in  suspension  in  the  feed- 
water.  This  deposit  may  be  drawn  off  by  means  of  the 
cocks  g,  g.  Just  above  the  mud  pockets  the  downward 
currents  make  a  turn  at  right  angles  into  the  side  pipes, 
part  of  the  water  flowing  into  the  up-flow  coils  as  it  passes 
along  underneath  them.  The  two  currents,  one  from  each 
end  of  each  side  pipe,  meet  in  the  center  of  the  side  pipes 
and  there  form  an  eddy,  the  only  non-circulating  water  in 
the  boiler  excepting  that  in  the  mud  pockets.  The  steam 
at  the  top  of  the  drum  passes  into  a  spray  pipe,  or  dry 
pipe,  a,  running  from  one  head  to  the  other,  and  drilled  full 
of  small  holes  on  top  for  about  half  its  length  in  the  center. 
By  locating  the  holes  near  the  center,  no  water  can  enter 
the  dry  pipe  when  the  vessel  is  pitching.      The  superheating 
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coil  «'  is  connected  to  one  end  of  the  dry  pipe  by  the  pipe 
b',  and  the  superheating  col!  n  to  the  other  end  by  the  pipe 
b.  The  steam  flows  into  the  top  of  the  coils  and  passes 
downwards  to  the  bottom,  rising  upwards  again  within  the 
pipes  i  andy  which  unite  at  k,  whence  the  steam  passes  into 
the  pipe  /.  To  the  upper  end  of  this  pipe  a  T  is  attached 
to  one  outlet  of  which  the  safety  valve  is  fitted,  while  to 
the  other  outlet  the  steam  pipe  leading  the  steam  to  the 
engine  is  connected.  These  connections,  for  want  of  room, 
ace  not  shown.  The  superheating  coils  n  and  «'  answer 
the  double  purpose  of  drying  the  steam  and  of  protecting 
the  jacket  from  the  action  of  the  fire.  The  object  of  the 
angular  down-flow  pipes  B'  is  to  prevent  any  part  of  the 
down-flow  system  {the  pipes  B,  B',  C)  from  being  thrown 
above  the  water-line  by  the  Hst  (i.e.,  inclination)  of  the 
vessel,  which  would  greatly  interfere  with  the  circulation. 

694.  The  Roberts  boiler  is  an  example  of  one  of  the 
two  general  types  into  which  water-tube  boilers  are  divided ; 
viz.,  drowrned-tube  boilers,  or  boilers  in  which  the  upper 
end  of  the  tubes  is  submerged  in  water,  and  dry-tube 
boilers,  or  boilers  in  which  the  upper  end  of  the  tubes  is 
filled  with  steam  only,  or  such  water  as  is  carried  up  by  the 
violent  ebullition  of  the  water  within  the  lower  part  of  the 
tubes.  From  the  construction  of  the  Roberts  boiler,  it 
follows  that  it  belongs  to  the  drowned-tube  type. 


THB  ALMV  n^ATKH'TUBE   BOILER. 

695.  An  example  of  the  dry-tube  type  is  the  Almy 
water-tube  boiler,  shown  in  Fig.  152.  The  construction 
of  the  boiler  is  as  follows: 

A  continuous  manifold  c  which  forms  the  base  of  the 
boiler,  extends  along  the  sides  and  across  the  back  of  the 
boiler.  At  the  top  is  a  similar  manifold  a  which  extends 
along  the  sides  and  across  the  front  of  the  boiler.  To  form 
the  heating  surface,  a  series  of  up-flow  coils  D,  d,  made  up 
of  pipes  connected  together  by  elbows,  return  bends,  and 
four-way  Y  fittings,  are  connected  to  the  top  and  bottom 
manifolds  and  with  each  other  by  means  of  unions.     The 
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coils  D  at  the  sides  of  the  boiler  rise  from  the  manifold  to 
a  proper  height  to  form  the  top  of  the  furnace ;  they  then 
extend  half  way  across  the  furnace  and  return  back  to  the 
sides;  thence  up,  connecting  to  the  side  pipes  of  the  top 
manifold  a.  The  coils  d  which  form  the  back  of  the  furnace 
rise  from  the  back  manifold  to  a  height  sufficient  to  cross 
over  above  and  at  a  right  angle  to  those  forming  the  top 
of  the  furnace;  they  then  pass  to  the  front  and  connect 
to  the  manifold  extending  across  the  front  at  the  top.  A 
feed  coil  E,  serving  to  heat  the  feed-water,  and  consisting 
of  two  layers  of  pipe  connected  together  by  return  bends, 
thus  forming  a  continuous  pipe,  rests  on  the  top  manifold. 
The  feed-water  enters  this  coil  at  v,  and  after  passing 
through  leaves  it  by  means  of  the  pipe  q  connected  to  the 
bottom  of  the  horizontal  water  reservoir  C,  which  extends 
across  the  front  of  the  boiler.  The  top  manifold  a  is  at- 
tached by  means  of  the  nozzle  g  to  the  vertical  separator  F, 
placed  on  top  of  the  horizontal  water  reservoir.  A  jacket 
/  /,  lined  on  the  inside  with  some  non-heat-conducting  ma- 
terial, encloses  the  boiler  on  the  four  sides  and  at  the  top. 
To  the  ring  H,  on  top  of  the  jacket,  the  smokestack  is  at- 
tached. The  grate  is  composed  of  square  iron  bars  o,  o  which 
are  supported  by  the  bearing  bars  /,  p.  To  prevent  any  en- 
trance of  air  to  the  furnace, otherwise  than  through  the  grate, 
baffle  plates  s  extend  around  the  sides  and  back  of  the  furnace. 
At  the  front  the  dead  plates'  serves  the  same  purpose.  The 
boiler  is  provided  with  a  water  column  IV,  mounted  with  a 
glass  water-gauge  and  three  gauge-cocks,  and  which  also 
carries  the  steam-gauge  S.  At  A,  the  furnace  door  is  shown. 
B,  B  are  doors  in  the  jacket  to  allow  inspection,  etc.,  of  the 
inside,  and  K  is  the  ash  pit.  In  the  center  of  the  bottom 
back  manifold,  ^  mud  or  sediment  pocket  b  is  located, 
whence  the  sediment  may  be  drawn  off  or  the  boiler  emptied, 
through  the  pipe  f.  Both  the  separator  and  the  water 
reservoir,  as  well  as  the  down-flow  pipes  G,  G,  which  are  con- 
nected to  the  water  reservoir  and  extend  down  to  the  mani- 
fold at  each  side  of  the  furnace,  are  outside  the  jacket,  and 
hence,  in  a  cool  place. 
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696.  The  operation  of  the  boiler  is  as  follows:  The 
boiler  being  tilled  with  water  until  the  reservoir  C  is  about 
half  full  vertically,  the  fire  is  started.  The  water  in  the  coils 
Z>and  ^expanding,  and,  hence,  becoming  lighter,  rises  to  the 
top  manifold,  carrying  the  steam  bubbles  with  it;  cooler 
water,  coming  from  the  reservoir  C  through  the  down-flow 
pipes  G,  constantly  takes  its  place,  and,  in  turn,  becomes 
heated  and  rises.  On  reaching  the  top  manifold  the  steam 
bubbles  burst,  the  steam  and  entrained  water  rising  to  the 
top;  the  water  thrown  into  the  top  manifold  by  the  violent 
ebullition  within  the  tubes,  after  flowing  along  the  bottom, 
falls  through  the  opening  r  in  the  horizontal  water  reservoir 
to  the  water  level.  The  steam  and  entrained  water  pass  into 
the  separator  F,  where,  by  curved  partitions,  the  steam  is 
constrained  to  move  in  a  spiral  path ;  that  is,  it  passes  from 
/■  into/;  thence  into  e;  thence,  into  the  passage  i,  whence  it 
passes  into  /and  out  of  the  separator  at  «,  entering  there 
the  bottom  of  the  steam  pipe  k.  By  giving  the  steam  a 
whirling  motion,  the  particles  of  entrained  water  are,  by  the 
action  of  centrifugal  force,  thrown  against  the  curved  par- 
titions; the  water  drips  down  on  these  partitions  and  flows 
back  into  the  reservoir  C  through  an  opening  in  the  base  of 
the  separator  (not  shown  in  the  figure)  and  through  the 
holes  shown  at  /.  To  the  top  of  the  T  shown  at  m,  the  safety 
valve  is  attached. 

From  the  construction  of  this  boiler,  it  follows  that  it 
belongs  to  the  dry-tube  type. 

697.  In  all  water-tube  boilers  the  whole  or  greater  part 
of  the  heating  surface  is  formed  by  the  outer  surface  of  the 
tubes  of  which  the  boiler  is  composed.  The  lower  half  of  the 
steam  drum,  measured  up  to  the  water-line,  is  also 
considered  as  heating  surface. 

698.  There  are  various  points  in  favor  of  water-tube 
boilers  for  marine  service.  It  was  mentioned  before  that 
they  occupy  less  space  and  weigh  less  for  the  same  power 
than  fire-tube  boilers.  In  addition  to  these  points,  a  water- 
tube  boiler  is  less  likely  to  a  disastrous  explosion,  both  on 
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account  of  the  small  quantity  of  water  it  contains,  and  also 
the  greater  comparative  strength  of  the  tubes,  owing  to  their 
small  diameter.  Instead  of  a  large  body  of  highly  heated 
water  becoming  suddenly  liberated  and  converted  into  steam, 
as  would  be  the  case  if  a  sheet  of  a  fire-tube  boiler  ruptures, 
the  most  serious  trouble  experienced  in  this  direction  with  a 
water-tube  boiler  is  the  rupturing  of  one  or  more  tubes, 
allowing  the  water  to  escape  gradually.  This  undoubtedly 
insures  greater  safety  to  the  attendants  and  to  the  vessel. 
An  objection  often  raised  against  water-tube  boilers  is  that 
the  splitting  of  one  tube  will  throw  the  boiler  out  of  service, 
while  a  split  tube  in  a  fire-tube  boiler  may  be  repaired  tem- 
porarily by  plugging  it.  Another  objection  often  raised  is 
the  apparent  difficulty  of  maintaining  the  water  level  con- 
stant. It  is  plain  that  as  the  water -tube  boiler  contains  but  a 
limited  quantity  of  water,  it  requires  constant  feeding  to 
make  up  for  the  water  evaporated  into  steam.  But,  as  most 
engineers  having  charge  of  this  class  of  boilers  seem  to  ex- 
perience no  trouble  in  this  direction,  the  trouble  is  probably 
chiefly  imaginary.  It  is  claimed  that  water-tube  marine 
boilers  are  more  efficient,  that  is,  that  they  utilize  more  of 
the  heat  generated  by  the  combustion  of  the  fuel,  than  the 
other  type. 

699.  There  is  an  endless  variety  of  water-tube  boilers, 
but  as  the  principles  of  operation  are  practically  the  same  in 
all  of  them,  noothers  will  be  illustrated  here.  After  carefully 
studying  what  has  been  said  in  regard  to  water-tube  boilers, 
the  student  will  not  experience  any  difficulty  in  understand- 
ing the  operation  of  any  water-tube  boiler  of  which  he  may 
be  placed  in  charge.  

DONKEY   BOILERS. 

700.  Every  sea-going  steamer  carrying  passengers  must 
be  provided  with  an  auxiliary,  or  donkey,  boiler  of  sufficient 
capacity  for  working  the  fire  pumps.  Such  boilers  must  not 
be  placed  below  the  lower  decks,  except  on  single-deck 
vessels.     All  the  rules  and  regulations  governing  the  con- 
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struction,  inspection,  and  fittings  of  the  main  boilers  apply 
also  to  donkey  boilers.  There  are  no  special  types  of  donkey 
boilers;  either  Scotch,  fire-box,  or  water-tube  boilers  may  be 
used.  The  smokestack  of  a  donkey  boiler  is  usually  carried 
up  inside  the  stack  of  the  main  boilers,  and  held  in  position 
by  suitable  bracing.  It  is  provided  with  a  separate  damper, 
and  should  not  enter  the  stack  below  the  main  damper. 


THE  CONSTRUCTION   OF  BOILERS. 


BOILER  MATERIALS. 
701.  The  materials  used  in  boiler  construction  are 
wrought  iron,  steel,  cast  iron,  semi-steel,  and  to  some  extent 
copper  and  its  alloys,  chiefly  compositions.  The  qualities 
required  of  boiler  material  are:  (1)  Ductility,  in  order  that 
it  may  undergo,  without  injury  to  its  tensile  strength,  the 
various  processes  to  which  it  must  be  subjected  in  being 
made  up  into  boiler  parts.  (3)  Tensile  strength  to  resist 
the  stresses  due  to  the  steam  pressure.  (3)  Toughness  and 
elasticity. 

702'  Wroueht  Iron  was,  until  a  few  years  ago,  the 
only  material  of  which  boiler  shells,  fire-boxes,  and  tubes 
were  made.  The  wrought  iron  used  for  marine  boilers  is 
usually  of  the  grade  known  commercially  as  C  H  No.  1 
flange  iron.  This  has  a  tensile  strength  of  from  50,000  to 
C5,000  pounds,  is  quite  homogeneous,  that  is,  it  has  an  even 
texture,  and  is  not  very  fibrous ;  it  does  not  blister  nor  crack 
much  in  the  fire,  stands  repeated  reheating,  and  flanges  well. 
The  iron  of  high  tensile  strength  is  often  found  to  lack 
homogeneousness  as  well  as  ductility.  As  a  measure  of  duc- 
tility, wrought  iron  used  in  the  construction  of  marine 
boilers  must  show  a  reduction  in  area  of  IS^S  of  the  original 
area  for  iron  of  45,000  pounds  tensile  strength,  and  an  ad- 
ditional \Tt  for  each  additional   1,000  pounds  up  to  55,000 
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pounds  tensile  strength.  Wrought  iron  of  55,000  pounds 
tensile  strength  and  over,  showing  a  reduction  in  area  of 
'i5%,  is  deemed  to  have  the  lawful  ductility. 

Iron  used  for  rivets  should  be  of  the  very  best  quality; 
it  should  be  soft  and  lough;  its  tensile  strength  should  not 
exceed  50,000  lb.  per  sq.  in.,  and  a  good  rivet  should  bend 
double  while  cold  without  fracture. 

703.  Steel  is  now  rapidly  supplanting  iron  as  a  boiler 
material.  The  steel  used  in  boiler  construction  belongs  to 
the  class  known  as  soft  or  mild  steel.  It  exceeds  iron  in 
tensile  strength,  thus  permitting  the  use  of  thinner  sheets; 
it  is  as  ductile  as  and  more  homogeneous  than  iron,  and  by 
the  modern  processes  it  can  be  manufactured  more  cheaply 
than  iron.  Each  sheet  of  steel  plate  to  be  used  in  the  con- 
struction of  marine  boilers  coming  under  the  jurisdiction  of 
the  Board  of  Supervising  Inspectors  of  Steam  Vessels, 
United  States  Treasury  Department,  must  be  tested  by  one 
of  the  boiler  inspectors.  A  test  piece  is  cut  from  the  plate 
and  pulled  asunder  in  a  testing  machine.  The  sample 
must  show  an  elongation  of  at  least  25  per  cent,  in  a  length 
of  2  inches  for  thicknesses  of  plate  up  to  and  including  one- 
quarter  of  an  inch;  it  must  show  an  elongation  of  at  least 
25  per  cent,  in  a  length  of  4  inches  for  thicknesses  over  one- 
quarter  of  an  inch  and  up  to  and  including  seven-sixteenths 
of  an  inch.  For  thicknesses  above  seven-sixteenths  and 
under  one  and  three-quarter  inches,  the  elongation  must  be 
at  least  25  per  cent,  in  a  length  of  6  inches.  Steel  plates  must 
not  contain  more  than  .00  per  cent,  of  phosphorus  and.  04  per 
cent,  of  sulphur,  to  be  determined  by  a  verified  analysis.  Steel 
made  by  the  Bessemer  process  is  allowed  to  be  used  only  for 
tubes,  water  pipes,  and  steam  pipes.  When  used  for  tliis  pur- 
pose, Bessemer,  acid,  or  basic  open-hearth  steel  must  show  the 
following  physical  properties:  Elastic  limit  per  square  inch, 
30,000  to  35,000  lb, ;  tensile  strength,  60,000  to  60,000  lb. ; 
elongation  in  an  8-inch  specimen,  20  to  25  per  cent. ;  reduction 
oi  area,  45  to  50  per  cent. 
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All  steel  plates  of  one-half  inch  thickness  and  under  must 
show  a  reduction  of  area  of  not  less  than  50<t.  Steel  plate 
over  one-half  inch  in  thickness  up  to  three-quarter  inch  must 
show  a  reduction  of  area  of  not  less  than  45^.  AH  steel 
plate  exceeding  a  thickness  of  three-quarter  inch  is  con- 
sidered to  have  the  lawful  ductility  if  it  shows  a  reduction 
of  area  of  not  less  that  32.6;*. 

The  tensile  strength  should  not  be  much  above  65,000  lb,, 
for  though  higher  strengths  may  be  easily  obtained,  the 
plates  will  be  harder  and  less  ductile. 

The  sample  taken  from  each  plate  must  also  be  capable  of 
being  bent  to  a  curve,  the  inner  radius  of  which  is  not  greater 
than  one  and  one-half  times  the  thickness  of  the  plate. 
Before  bending,  each  sample  must  be  heated  to  a  low  cherry 
red,  and  quenched  in  water  having  a  temperature  of  83° 
Fahrenheit. 

Steel  used  for  rivets  is  of  the  grade  known  commercially  as 
"  Extra  Soft  Steel,"  having  a  tensile  strength  of  from  45,000 
to  55,000  lb.,  with  an  elongation  of  28  per  cent.,  and  an  elastic 
limit  of  not  less  than  one-half  the  ultimate  tensile  strength. 
It  should  not  contain  more  than  .04  per  cent,  of  phosphorus 
and  .04  per  cent,  of  sulphur. 

703(1-  Iron  or  steel  of  high  tensile  strength  is  used  for 
the  parts  of  a  boiler  not  subjected  to  sudden  changes  of 
temperature,  such  as  the  shell  and  other  parts  remote  from 
the  intense  heat  of  the  fire. 

For  furnace  plates  neither  iron  nor  steel  exceeding  50,000 
pounds  tensile  strength  is  used,  experience  having  shown 
that  material  of  a  higher  tensile  strength  is  too  hard  and 
brittle  for  this  purpose.  No  iron  nor  steel  plates  of  a  tensile 
strength  less  than  45,000  pounds  are  allowed  to  be  used  in 
the  construction  of  any  of  the  parts  of  a  marine  boiler. 

704.  Cast  Iron  is  used  only  in  the  construction  of  some 
of  the  boiler  fittings.  The  rules  and  regulations  of  the 
Board  of  Supervising  Inspectors  provide  that  no  cast-iron 
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nozzles,  branch  pipes,  or  elbows  shall  be  used  in  connecting 
steam  drums,  superheaters,  branch  pipes,  or  steam  pipes  to 
boilers,  and  in  no  other  part  of  steam  pipes,  nor  for  flanges, 
unless  the  cast  iron  has  been  officially  tested  and  has  shown 
a  tensile  strength  of  not  less  than  30,000  lb. 

704tt.  Seml-atecl  is  the  name  given  to  cast  iron  which 
has  been  partially  decarburized.  It  may  be  used  for  nozzles, 
stop-valves,  branch  pipes,  elbows,  slip  joints,  flanges  to  boil- 
ers, tee  pipes,  and  water  and  gauge  cock  pipes,  or  columns, 
when  it  has  been  officially  tested  and  then  shown  a  tensile 
strength  of  not  less  than  2i,000  lb. 

70S.  Copper  is  used  chiefly  in  the  construction  of  the 
piping  connected  to  the  boiler,  as  it  withstands  the  corrosive 
action  of  sea-water  better  than  any  other  material. 

700.  Composition  metal,  an  alloy  of  copper  and  zinc 
or  copper  and  tin,  is  used  in  the  construction  of  fittings, 
being  somewhat  cheaper  than  pure  copper,  easier  to  cast,  and 
withstanding  the  action  of  sea-water  almost  as  well, 

707.  The  boilermakers  receive  the  flat  plates  from  the 
rolling  mill.  The  first  operation  is  to  cut  or  shear  the  plates 
to  the  desired  size;  after  being  sheared  they  are  placed  in  a 
machine  which  planes  the  rough  edges.  Next,  the  rivet  holes 
are  drilled  in  the  edge  of  the  plate.  The  plate  is  then  passed 
through  large  rolls  and  bent  to  a  cylindrical  form  and  in 
such  a  manner  that  the  corresponding  rivet  holes  in  the  two 
edges  come  opposite  one  another.  It  is  very  much  better 
practice,  however,  to  drill  the  plates  after  they  are  rolled  to 
shape.  In  this  case,  one  or  two  holes,  to  serve  as  bolt  holes 
for  clamping  purposes,  are  put  in  previous  lo  bending,  to 
receive  after  bending  bolts  that  hold  the  plates  together 
while  the  rest  of  the  rivet  holes  are  drilled;  the  plates  are 
next  taken  apart  and  the  burrs  removed.  They  are  finally 
put  together  again  and  are  then  ready  for  riveting. 


.dbyGoogle 


STEAM  AND  STEAM  BOILERS. 


315 


RIVETS    AND   RIVETED   JOINTS. 

708.  Common  forms  of  rivets  are  shown  in  Figs.  153 
to  157.  In  Figs.  153  and  164  are  shown  examples  of  hand 
riveting;  in  the  first  case,  the  head 
is  hammered  down  to  a  conical 
shape,  while  in  Fig.  154  the  rivet 
has  a  cup,  or  snap,  head.  This 
form  of  head  is  produced  by  first 
hammering  the  rivet  down  roughly 
and  then  finishing  the  head  by  a 
cup-shaped  die  called  the  button 
set.  The  dotted  lines  in  the 
figures  show  the  shape  of  the  rivet 
shank  before  being  upset  by  the 
hammer.  "»"* 

The  rivets  shown  in  Figs.  155  and  156  are  examples  of 

machine  riveting.     The  rivet  is  placed  between   two  dies 

J.7d.— 


Pig.  1M.  Pio.  ISB. 

which  are  forced  together  by  heavy  steam,  hydraulic,  or 
pneumatic  pressure.  When  carefully  done,  machine  rivet- 
ing is  much  to  be  preferred  to  hand  riveting. 

A  rivet  with  a  countersufik  head  is  shown  in  Fig.  157. 
Such  riveting  is  sometimes  necessary  where  a  smooth  sur- 
face is  needed  to  attach  boiler  mountings.  As  shown  in  the 
figures,  the  rivets,  before  being  headed,  are  slightly  smaller 
than  the  hole,  so  that  they  may  be  easily  inserted.  The  up- 
setting action  of  heading  the  rivets  causes  them  to  fill  the 
holes  when  finished. 
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In  Figs.  15fi  and  157  it  will  be  noticed  that  there  is  a 
slight  countersink  in  the  plate  just  underneath  the  rivet 


Fig.  1H.  Via.  1S7. 

head.     This  is  considered  good  practice,  since,  on  account  of 
it,  the  heads  are  not  so  liable  to  fly  ofli  under  strain. 

700>  Riveted  Joints  of  different  forms  are  shown  in 
Figs.  158  to  161.  When  one  plate  overlaps  the  other,  and 
the  two  are  joined  with  one  or  more  lines  of  rivets,  as  shown 
in  Figs.  158  and  159,  the  joint  is  said  to  be  lap-riveted. 
When,  however,  the  plates  are  placed  edge  to  edge,  as  in 
Figs.  ICO  and  IGl,  and  the  joint  is  covered  with  one  or  two 
plates,  usually  called  dull  straps,  the  joint  is  called  a.  butt 
Joint. 

710.     Fig.  158  represents  a  nlnfcle-rlveted  lap  Joint; 

that  is,  the  plates  are  overlapped  and  joined  with  one  row 


of  rivets.      The  distance/  from  center  to  c 
holes  is  called  the  pitch  of  the  rivets. 


liter  of  the  rivet 
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711.     Pig.    159  shows   a    double-riveted    lap  Joint. 

The  rivets  may  be  stasgered,  as  shown  in  the  figure,  or 


placed  one  behind  the  other,  similar  to  those  of  Fig.  160. 
In  the  latter  case  the  joint  is  ctialn-rlveted.  In  Fig.  159 
the  distance  between  the  center  of  a  rivet  in  the  one  row  and 
the  center  of  the  nearest  rivet  in  the  other  row  is  called  the 
diagonal  pitch. 

712.     A  butt  Joint  with  a  single  butt  Htrap  is  shown 
in  Fig.  160,  while  a  butt  joint  with  two  butt  straps  is  shown 


in  Fig.  161.  Either  may  be  riveted  with  one,  two,  or  more 
rows  of  rivets.  Fig.  161  shows  an  example  of  chain-riveting. 
The  butt  joint  with  two  straps  is  stronger  than  one  with  a 
single  strap,  since  the  rivets  tend  to  shear  off  in  two  places 
instead  of  one,  and  may  therefore  be  of  smaller  diameter. 
In  other  words,  the  rivets  in  the  former  case  have  double  ihu 
shearing  surface  that  they  have  in  the  latter.      Butt  joints 
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are  generally  used  for  plates  over  ^  inch  thick,  and  are  taking 
the  place  of  lap  joints  in  good  designs  of  smaller  work.  When 
one  butt  strap  is  used  on  a  butt  joint,  its  thickness  must  in 
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no  case  be  less  than  the  thickness  of  the  plate  ;  when  two 
butt  straps  are  used,  the  thickness  of  each  must  not  be  less 
than  ^  of  the  thickness  of  the  plate. 


THE  ARRANGEMENT  OF  JOINTS  AND  PLATES. 

713.  The  seams  of  a  boiler  that  run  in  the  direction  of 
its  length  are  called  the  lonKltudlnal  Heamti;  those  run- 
ning around  the  boiler  are  known  as  the  sirth,  circular, 
or  transverse  seams. 

Wherever  a  girth  seam  occurs,  the  longitudinal  seams 
should  break  joint,  as  shown  in  Fig.  162.  In  order  to  make 
a  tight  joint  where  the  three  plates  come  together,  the  inner 
plate  of  the  longitudinal  joint  must  be  hammered  thin  at 
the  edge,  as  shown  in  Fig.  1G3. 

In  the  construction  of  both  vertical  and  horizontal  shells, 
it  is  customary  to  have  the  inside  lap  facing  downwartis, 
since  if  it  faces  upwards  a  ledge  is  formed  on  which  sediment 
may  deposit. 
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As  will  be  shown  later  i>n.  Ihe  stresses  in  a  K^iler  shell 
aT«  greater  at  right  angles  to  the  Ix^iler  axis  than  in  Ihe 


)0<90seasseeae  9 
-ia^ 


direction  of  the  axis.     For  this  reason,  since  wrought-iron 
plates  are  stronger  in  the  direction  of  the  fiber,  they  should 


ooo 
ooo 


be  arranged  so  that  the  fiber  runs  circiimferentially  around 
the  shell,  that  is,  in  the  direction  of  the  girth  seams. 
H.  M.    J.— 2-' 
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For  the  same  reason  a  stronger  riveted  joint  is  employed, 
for  longitudinal  seams  than  for  girth  seams,  as,  for  instance, 
a  double  lap  joint  for  the  former  and  a  single  lap  joint  for 
the  latter,  as  shown  in  Figs,  162  and  163,  or  butt  joints  for 
longitudinal  seams  and  lap  joints  for  the  girth  seams. 

CONNECTING    PLATES. 

714.  Different  methods  of  connecting  plates  at  right 
angles  are  shown  in  Figs.  161  to  167.     In  Fig.  164  the  two 

tio.  IH.  Flo.  m.  FiO.  165.  FIO.  I«7. 

plates  are  riveted  to  an  angle  iron.  This  construction  is  used 
sometimes  for  connecting  the  heads  of  a  boiler  to  the  shell. 
As  shown  in  Figs,  165  and  166,  the  head  is  flanged  and 
riveted  to  the  shell,  while  in  Fig,  167  the  head  and  shell  are 
connected  by  a  flanged  ring. 

Iron  for  flanging  should  be  of  the  best  quality.  The 
radius  of  the  curve  to  which  the  head  is  flanged  should  be 
at  least  four  times  the  thickness  of  the  plate. 


Some  makers  of  large  marine  boilers  prefer  to  flange  the 
end  plates  of  the  shell  to  receive  the  head,  which  is  conse- 
quently a  flat  diiik. 
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7 15,  Pigs.  168  and  169  show  two  of  the  usual  ways  of 
connecting  the  sheet  forming  the  hevl  of  a  fire-box  boiler  to 
the  inner  fire-box  sheet,  so  as  to  form  the  fire  door.  In 
Fig.  168  the  two  plates  are  flanged,  A  being  the  furnace 
sheet  and  B  the  front  head  of  the 
boiler.  Single  riveting  is  shown 
here,  although  double  riveting  is 
frequently  used.  In  Fig.  169  the 
furnace  sheet  A  is  flanged  and  con- 
nected to  the  front  head  C  by  the 
flanged  ling'B,  in  the  manner 
shown.  Around  the  lower  ends 
of  the  water  legs  of  dry-bottomed 
boilers,  or  around  the  bottom  of 
the  furnace  and  between  the  out- 
side and  inside  plates,  is  riveted  a 
wrought-iron  ring.  Instead  of 
this  construction,  a  flanged  ring 
D,   Fig.   170,   is  sometimes  used,  Fio.  iro. 

one  of  the  flanges  being  riveted  to  the  furnace  plate  A  and 
the  other  to  the  shell  C,  as  shown. 

Rivet  holes  (for  marine  boilers)  must  always  be  drilled — 
the  rules  and  regulations  of  the  Board  of  Supervising  In- 
spectors prohibiting  punching. 

716.  Calkins  is  an  upsetting  process  applied  to  a 
riveted  joint  in  order  to  make  it  steam-tight.  The  opera- 
tion is  shown  in  Fig.  171. 
A  round  nose  calking 
tool  is  driven  against  the 
beveled  edge  of  the  upper 
plate,  forcing  the  metal 
into  close  contact  with 
the     lower     plate,    thus 

via.m.  effectually    closing     the 

seam.     A  tool  with  a  sharp  edge  should  never  be  used,  as  it 
is  liable  to  score  the  under  plate,  and  thus  lead  to  grooving. 
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PROPORTIONS    OF    RIVETED    JOINTS. 

716a.  The  diameter  of  rivets,  the  pitch  of  rivets,  dis- 
tance between  rows  of  rivets,  the  diagonal  pitch,  maximum 
pitch,  and  distance  from  center  of  rivets  to  the  edge  of  the 
lap.  both  for  single  and  double  riveted  lap  joints  in  iron  and 
steel  marine  boilers,  must  conform  to  the  rules  of  the  Board 
of  Supervising  Inspectors  of  Steam  Vessels. 

716*.  In  the  following  formulas  the  letters  represent 
the  values  given  below: 

p  =  pitch  of  rivets  in  inches, 

/„  =  maximum  pitch  allowable; 
n  =  number  of  rows  of  rivets; 

Pi  =  diagonal  pitch  in  inches; 

d   =  diameter  of  rivets  in  inches; 

T  =  thickness  of  plate  in  inches; 

V  =  distance  between  rows  of  rivets  in  inches; 

E  =  distance   from  edge  of   plate  to  center  of  rivet  in 
inches. 

Rule  132(1. — To  find  tite  proper  diameter  of  iron  rivets 
for  iron  boiler  plates  and  a  single-riveted  lap  joint,  add  f  of 
an  inch  to  the  thickness  of  the  plate. 

That  is,  d=  r+f. 

ExAMFLE.— What  ia  the  proper  size  of  an  iron  rivet  for  an  iron 
boiler  plate  -^  of  an  inch  in  thickness,  tlie  lap  joint  being  single 
riveted  ? 

Solution, —Applying  rule  132a.  we  have 

rf=  -^  +  I  =  }|  of  an  inch.     Ana. 

Rule  132*.  —  To  find  the  proper  diameter  of  iron  rivets 

for  iron  boiler  plate  and  a  double-riveted  lap  joint,  add^  of 
an  inch  to  the  thickness  of  the  plate. 

That  is,  d=  r+  ^'. 

ExAMPLB.^What  is  the  proper  size  of  an  iron  rivet  for  an  iron 
boiler  plate  )  j  of  an  inch  thick,  the  lap  joint  being  double  riveted  ? 

Solution. — Applying  rule  I32i.  we  have 

<^  =^  H  +  A  =  H  of  an  inch.     Ans. 
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Rule  132^. — To  find  the  proper  diameter  of  steel  rivets 
for  steel  boiler  plates  having  a  single-riveted  lap  joint ^  add 
■^  of  an  inch  to  t/te  thickness  of  the  plate. 

■That  is,  d=  T  ■\--^'. 

Ex  AMP  LB.— What  is  the  proper  size  of  a  steel  rivet  to  be  used  with 
a  steel  boiler  plate  -ft  of  an  inch  thick  and  a  single-riveted  lap  joint? 

Solution.— Applying  rule  132^.  we  have 

rf  =  ^  +  1^  =  1  inch.    Ans. 

Rule  1321/. —  To  find  the  proper  diameter  of  steel  rivets 
for  steel  boiler  plates  liaving  double-riveted  lap  joints,  add  f 
of  an  inch  to  the  thickness  of  the  plate. 

That  is,  d=  r+f. 

Example. — Find  the  size  of  a  steel  rivet  for  a  steel  boiler  plate 
t  of  an  inch  thick,  the  joint  being  a  double-riveted  lap  joint. 

SoLUTioK. — Applying  rule  132^,  we  get 

j/  =  I  -K  I  =  li  inches.    Ans. 

Rule  t3Ze. — To  find  the  proper  pilch  of  rivets  for  iron 
plates  and  iron  rivets,  multiply  the  cross-sectional  area  of  the 
rivet  by  the  number  of  rows  of  rivets.  Divide  the  product  by 
the  thickness  of  (he  plate,  and  add  the  diameter  of  the  rivet 
to  the  quotient. 

Thati,,  f  =  -mpL  +  ^, 

In  a  single-riveted  lap  joint,  the  number  of  rows  of  rivets 
isl;  hence  K  =  l.  In  a  double-riveted  lap  joint,  whether 
zigzag  or  chain  riveted,  the  number  of  rows  of  rivets  is  2 ; 
hence  w  =  2. 

Example. — What  is  the  proper  pitch  for  a  single-riveted  joint,  the 
plate  being  B  of  an  inch  thick  ?    Plate  and  rivets  are  iron. 

Solution. — Applying  rule  132a,  it  is  found  that  the  proper  diam- 
eter of  rivet  is  f  -i-  f  =  1  inch.     Then,  applying  rule  132^, 
_  .TSM  X  1*  X  1  , 
ft 

Example. — What  is  the  proper  pitch  for  a  double-riveted  joint,  the 
plate  being  t  of  an  inch  thick  ?    Plate  and  rivets  are  iron. 

Soli;tion. — Applying  rule  132f,  the  proper  diameter  of  rivets  is 


p  =  ■^      ^-  -H  1  =  2.357  inches.    Ana. 
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found  to  be  t  -(-  A  =  H  (>'  "»  inch.     Then,  applying  rule  132<r,  and 
remembering  that  m  =  3,  ne  get 


X  (H)*  X  ' 


+  if  =  3.14d  inches.     Ans. 


Rule  \ZZf.—To  find  the  proper  pitch  of  rivets  for  steel 
plates  and  steel  rivets,  multiply  the  constant  number  23  by  the 
area  of  the  rivet.  Multiply  this  product  again  by  the  num- 
ber of  rows  of  rivets.  Divide  this  last  product  by  the  product 
of  the  constant  number  S8  and  the  thickness  of  the  plate,  and 
add  the  diameter  of  the  rivet  to  the  quotient. 

That  is,  P^'^^ZT"^"- 

Exam PLK.— What  is  the  proper  pitch  of  rivets  for  a  -^  of  an  inch 
steel  plate  having  a  single-riveted  lap  joint  and  steel  rivets  ^  of  an 
inch  in  diameter  ? 

Solution.— First  of  all  it  must  be  found  whether  the  rivet  has  the 
lawful  size.  Applying  rule  132^,  it  is  seen  that  the  diameter  of  the 
rivet  must  be  -^  +  ^  =  J  of  an  inch.  It  is  thus  seen  that  the  ques- 
tion as  stated  will  not  allow  a  correct  answer  to  be  given.  In  engi- 
neers' examinations,  questions  are  occasionally  worded  this  way  in 
order  to  test  an  applicant's  forethought.  Substituting  the  correct 
rivet  diameter  and  applying  rule  133/,  we  get 

:  .7854  X  (1)' : 
<A 

ExAitPLB. — What  is  the  proper  pitch  of  rivets  for  a  {  of  an  Inch 
steel  plate  having  a  double-riveted  lap  joint  and  steel  rivets? 

Solution. — By  rule    132</.   the    proper    diameter   of    rivets    is 

J  -f  {  =  1  inch.      Applying  rule   132/,  remembering  that  «  =  3,  we 

get 

,      88  X  -7854  X  1*  X  8      ,      „  m,  .     .  , 

p  =  — <^ — s-j — ij — ~ — I-  1  =  8.064  inches.     Ans. 

Rule  132^. — To  find  the  distance  the  center  of  a  rivet 
must  be  from  the  edge  of  the  plate,  multiply  the  diameter  of  the 
rivet  by  1.5. 

That  is,  £■=1.5^. 

BxAHfLB. — How  far  should  a  1-inch  rivet  be  placed  from  the  edge 
of  the  plate  ? 

Solution.— Applying  rule  132^,  we  have 

if  =  1.5  X  1  =  1.5  inches.    Ana. 


/  _      -^  •  Z^SjS  +  I  =  2.004  inches.     Ans. 
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Rule  13Z/i. — To  find  the  distance  in  inches  between  the 
center  lines  of  the  rows  of  rivets  for  double  chain-riveted  lap 
joints,  add  1  to  ^  times  the  diameter  of  the  rivet  and  divide 
the  sum  Iry  «. 

That  is,  y=*^- 

Example.— The  diameter  of  the 
should  be  the  distance  between  the 
riveted  Up  joint  1 

S01.UTIOM.— Applying  rule  132A,  we  get 

r  =  i2L*±i  =  a  inches.    Ana. 

Rule  132t. — To  find  the  distance  tn  inches  between  the 
center  lines  of  the  rows  of  rivets  for  a  double  zigzag-riveted 
lap  Joint,  multiply  the  sum.  of  11  times  the  pitch  and  If.  times 
the  rivet  diameter  by  the  sum  of  the  pitch  and  4  times  the 
rivet  diameter.  Extract  the  square  root  of  the  product  and 
divide  the  root  by  10. 


That  is.     y^^MmmiEi. 

Exam  PLK— Given,  a  rivet  diameter  of  J  of  an  inch  and  a  pitch  of 
3i  inches;  what  should  be  the  distance  between  the  rows  of  rivets  for  a 
double  zigzag-riveted  lap  joint  ? 
■    Solution.— Applying  rule  t3Zi,  we  liave 


Rule  13a/. — To  find  the  diagonal  pitch  for  a  double 
zigzag-riveted  lap  joint,  add  ^  times  the  rivet  diameter  to 
6  times  the  pitch.     Divide  the  sum  by  10. 

That  is,  A  =  5^±ii^. 

Example. — Given,  a  rivet  diameter  of  (  of  an  inch  and  a  pitch  of 
21  inche:^;  what  should  be  the  diagonal  pitch  ? 
Solution. — Applying  rule  132/,  we  get 

pa  = ^TTT =  1-8  inches.    Ans. 
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71 O^-  While  the  correct  pitch  of  rivets  is  given  by  rules 
132f  and  132/*,  practical  considerations  do  not  always  allow 
the  pitch  thus  found  to  be  used.  The  rules  and  reg^ulations 
of  the  Board  of  Supervising  Inspectors  of  Steam  Vessels 
make  due  allowance  for  this  fact  by  providing  for  a  maxi- 
mum pitch  for  single  and  double  riveted  lap  joints.  The 
maximum  pitch  given  by  the  following  rules  must  in  no 
case  be  exceeded. 

Rule  132^. — To  find  the  maximum  pitch  of  rivets  allow- 
able for  a  single-riveted  lap  joint,  add  1^  inches  to  1.31  times 
the  thickness  of  the  plate. 

That  is,  /,  =  1.31  r+ If. 

ExANPLR.— With  a  plate  (  of  an  inch  thick  and  a  single-riveted  lap 
joint,  what  is  the  maximum  pitch  of  rivets  that  may  be  used  ? 

Solution.— Applying  rule  \'A%k.  we  have 

pm  =  181  X  1  -I-  H'  =  3.608  inches.     Ana. 

Rule  132/. — To  find  the  maximum  pitch  of  rivets  allow- 
able for  a  double-riveted  lap  joint,  add  1%  inches  to  3.62  times 
the  thickness  of  the  plate. 

That  is,  ;>„  =  2.(ia  7"+ 1^'. 

Example.— With  a  plate  (  of  an  inch  thick  and  a  double-riveted  lap 
joint,  what  is  the  maximum  pitch  of  rivets  allowable  ? 

Solution.— Applying  rule  132/,  we  get 

p^  —  2.62  X  J  -f  ir  =  8.59  inches.     Ans. 

716(f.  It  will  be  observed  that  none  of  the  foregoing 
rules  relate  to  butt  joints.  This  is  not  to  be  regarded  by 
the  student  as  an  omission.  Butt  joints  with  single  cover- 
plates  are  somewhat  stronger  than  lap  joints,  and  butt 
joints  with  double  cover-plates  are  still  stronger.  By  treat- 
ing butt  joints  as  lap  joints,  as  is  the  practice  of  the  Board 
of  Supervising  Inspectors  of  Steam  Vessels,  an  additional 
margin  of  safety  is  obtained.  The  student  must  not  fall 
into  the  error  of  considering  a  butt  joint  like  the  one  shown 
in  Fig.  160  as  double  riveted,  nor  the  one  shown  in  Fig.  161 
as  quadruple  riveted ;  while  there  are  two  rows  of  rivets  in 
the  first  and  four  in  the  second  instance,  these  joints  are 
single  and  double  riveted  joints,  respectively. 
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EXAMPI,RS  FOR  PRACTICE. 

1.  Find  the  correct  diameter  of  an  iron  rivet  for  a  j{  of  an  inch 
iron  boiler  plate,  tlie  lap  joint  being  double  riveted.  Ans.  }{'. 

2.  Given,  a  single- riveted  lap  joint  and  a  steel  plate  \i  of  an  inch 
thick.     Wliat  should  be  the  diameter  of  the  rivet  ?  Ans.  1('. 

8.  Find  the  proper  pitch  of  rivets  for  an  iron  plate  (  of  an  inch 
thick,  the  joint  being  single  riveted.   .  Ans.   2.45'. 

4.  Find  the  proper  pitch  for  a  1-inch  "steel  plate  having  steel  rivets 
and  a.  double-riveted  joint.  Ans.  3.814'. 

5.  How  far  should  a  l|-inch  rivet  be  placed  from  the  edge  of  the 
plate?  Ans;  if,'. 

6.  Given,  a  steel  plate  t  of  an  inch  thick.  The  joint  is  a  double 
chain-riveted  joint.  What  should  be  the  distance  between  the  center 
lines  of  the  rows  of  rivets?  Aiis.  -2. 75". 

7.  Given,  an  iron  plate  -^  of  an  inch  thick,  having  a  double  zigzag- 
riveted  butt  joint.  What  is  the  proper  distance  between  the  center 
lines  of  the  rows  of  rivets?  Ans.  1.544'. 

6.  A  steel  plate  {  inch  thick  has  a  double  zigzag-riveted  lap  joint. 
What  is  the  diagonal  pitch  7  Ans.  2.239". 

V.  For  a  single- riveted  lap  joint,  what  is  the  maximum  pitch  of 
rivets  that  may  be  used  for  a  J  of  an  inch  plate  ?  Ans.  2.771'- 

10.  What  is  the  maximum  pitch  of  rivets  allowable  with  a  double- 
riveted  lap  joint  for  a  plate  ^  of  an  inch  thick  ?  Ans.  3.  IS'. 


STAYING  OF  FLAT  SURFACES. 

717.  The  surfaces  of  boiler  shells  are  in  general  either 
cylindrical,  hemispherical,  or  flat.  A  cylinder  or  sphere  sub- 
jected to  an  internal  steam  pressure  is  self-supporting ;  that 
is,  the  steam  pressure  tends  to  maintain  the  cylindrical  or 
spherical  form  of  the  vessel,  and  hinders  distortion  instead 
of  producing  it.  If,  on  the  contrary,  the  vessel  is  composed 
of  flat  surfaces,  the  steam  pressure  tends  to  distort  it  and 
give  it  an  approximately  spherical  form.  Hence  flat  sur- 
faces are  not  self-supporting,  and  must  be  braced  or  stayed. 

The  flat  surfaces  commonly  found  in  boiler  construction 
are  the  flat  heads  of  Scotch  boilers  and  the  sides,  back,  and 
top  of  the  combustion  chambers;  in  fire-box  boilers  the  sides, 
back,  and  top  of  the  combustion  chamber,  the  crown  of  the 
furnace,  the  water  legs,  and  the  flat  heads. 
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SCREW  8TAVS  AND  STAVBOLTS. 

718.     The  most  common  form  of  a  screw  stay  used  in 
fire-box  boilers  is  shown  in  Fig.  172.     The  bolt  is  threaded 


the  entire  length.     It  is  screwed  in  place  and  the  ends  are 
headed  over  by  hammering.     A  rather  better  form  is  shown 


in  Fig.  173.     The  thread  is  turned  off  in  the  center,  which 
s  the  durability  of  the  bolt. 


710.     Fig.    174  shows   a   staybolt   of   the   construction 
usually  met  with   in   Scotch  boilers,  used  for   staying   the 

4=* 


sides  and  back  of  the  combustion  chambers.  It  consists  of 
a  wrought-iron  or  steel  bolt  A,  screwed  into  the  two  plates 
B  and  5„  and  secured  by  a  nut  at  each  end.  An  enlarged 
section  of  the  nut  is  shown  at  C,  Fig.  174.     The  face  of  the 
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nut  is  recessed,  the  recess  being  filled  with  red-lead  putty 
mixed  with  iron  filings.  The  putty  serves  to  make  a  steam- 
tight  and  water-tight  joint. 

All  screw  stays  and  staybolts  for  boilers  using  fresh  water 
which  are  constructed  after  July  1,  1899,  must  be  drilled  on 
both  ends  with  a  central  hole,  as  a.  Fig.  173,  having  a 
diameter  of  not  less  than  |  of  an  inch  and  a  depth  sufficient 
to  extend  at  least  ^  of  an  inch  beyond  the  inside  surface  of 
the  sheet.  Should  a  stay  break,  water  will  issue  from  this 
hole,  thus  giving  notice  of  the  break. 

720.  A  socket  staybolt  is  shown  in  Fig.  175.  The 
socket  consists  of  a  tube  expanded  into  the  sheets  S  and  C. 


A  bolt  D  fitting  closely  the  inside  of  the  tube  A  is  passed 
through  and  secured  by  a  nut.  The  ends  of  the  socket  pro- 
ject from  the  sheets  and  are  beaded  over.  Sometimes  the 
staybolt  shown  in  Fig.  173  is  protected  by  a  socket.  If 
salt  water  is  used  for  the  generation  of  steam,  all  screw 
staybolts  must  be  provided  with  sockets  to  protect  them 
from  the  corrosive  effect  of  the  sea -water. 


BTAV  TUBBa  AND  GIRDER  STATS. 

721.  Stay  tubes  are  used  to  stay  the  tube-sheets. 
They  are  tubes  of  greater  thickness  than  the  ordinary 
tubes.  The  ends  are  enlarged  and  threaded,  and  the  tube 
is  screwed  into  the  front  and  rear  tube-sheets.  They  are 
secured  either  by  a  nut  on  the  outside  of  the  sheet,  as  shown 
in   Fig.   176,   or   beaded  over,   as   illustrated   in   Fig.  177. 
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Sometimes  a  nut  on  each  side  of  the  sheet  is  used.     The 
top  of  the  combustion  chamber  of  Scotch  boilers  is  usually 


I 


I 


supported  by  girder  stays,  the  construction  of  which  is 
shown  in  Fig.  178.  Two  girders  A,  A'  are  held  apart  by 
two  distance  pieces  a,  a'.     Staybolts   similar   to   the   one 


shown   in   Fig.  174  are  supported  by  the  girders.     To  pre- 
vent spreading  of   the    girders,   washers  </  provided   with 
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liigs  b,  b  are  used.  To  give  access  to  the  plate  and  to  prevent 
local  overheating  of  the  plate,  which  would  be  likely  to 
occur  if  the  girders  touched  the  whole  length  of  the  plate, 
a  space  c,  generally  about  two  inches  in  depth,  is  left  be- 
tween the  girder  and  the  plate.  To  prevent  buckling  of 
the  plate  by  setting  the  staybolt  too  tight,  a  thimble  or 
socket,  shown  at  B,  is  sometimes  placed  over  the  staybolt 
and  between  the  girders  and  the  plate. 


STAYRODS. 

722<  Stayrods  are  used  to  stay  the  flat  heads  of 
Scotch  boilers;  they  pass  through  from  head  to  head.  Ex- 
amples are  shown  in  Figs.  179,  180,  and  181.  The  end  of  the 
stayrod  5,  in  Fig.  179,  is  enlarged  and  threaded  and  passes 


through  the  plate  A.  Two  nuts  and  washers  are  provided. 
The  larger  washer  is  on  the  outside  and  riveted  to  the  plate ; 
it  serves  to  distribute  the  supporting  effect  of  the  rod. 

Sometimes,  instead  of  the  washer,  a  stiffening  plate  is 
U,sed,  covering  the  whole  area  to  be  braced,  and  placed 
either  inside  or  outside.      By  means  of  the  nuts,  the  tension 
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of   the  stayrod  may  be  adjusted,  the   nuts  on   the  inside 
serving  to  lock  the  rod  in  position. 

Sometimes     stayrods    without    washers,    as    shown     in 
Fig.   180,  are   employed.     The   nuts   in   this  case   are   re- 
cessed, the  same  as  those 
illustrated  in  Fig.  174. 

723.  A  somewhat  dif- 
ferent form  of  a  stayrod  is 
shown  in  Fig.  181.  Two 
angle  irons  A,  A  are 
riveted  to  the  plate.  The 
end  of  the  stayrod  is  en- 
larged and  made  square  in 
cross-section.  It  is  tapped  to  receive  a  bolt  C  passing 
through  the  plate  between  the  angle  irons.  A  leaf  D  is 
placed  on  the  outside  and  helps  to  support  the  plate. 


^  Flo.  180. 


Q 

""Q^ 

0       ' 

0 

Q  . 

Q 

The  diameters  of  through  stayrods  vary  from  IJ  to  3f 
inches,  according  to  the  steam  pressure. 
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724.  Another  method  of  connecting  the  ends  of  stay- 
rods  to  the  plate  is  shown  in  Fig.  182,  Here  the  end  of 
the  stayrod  A,  instead  of  being  threaded,  is  forked  to  re- 
ceive the  connection 
B  B,  which  is  riveted 
to  the  sheet  to  be 
stayed,  and  joined  to 
the  stayrod  by  a  bolt 
C.  The  combined  ef- 
fective area  of  the 
two  legs  of  connec- 
tion B  B  should  ex- 
ceed the  area  of  the 
stayrod.  This  con- 
nection is  often  used 
to  support  the  lower 
part  of  the  rear  tube-sheets  of  Scotch  boilers. 


PALM  STAVS  AND  GUSaBT  STATa. 

725.  A  palm  stay  is  shown  in  Fig.  1S3.  The  end  B 
is  flattened  and  riveted  to  the  shell.  The  other  end  A  is 
threaded  and  supplied 
with  a  nut  and  taper 
washer  on  each  side 
of  the  head,  the  wash- 
ers having  such  a  taper 
that  when  one  of  the 
faces  is  against  the 
head,  the  other  is  par- 
allel to  the  face  of  the  nut.  The  hole  through  which  the 
stay  passes  is  not  threaded,  but  is  made  sufficiently  large  to 
allow  the  stay  to  pass  trhrough. 

In  some  instances,  the  end  A  is  bent,  so  as  to  pass 
through  the  plate  at  a  right  angle  to  it.  This  is  done  to 
do  away  with  the  use  of  taper  washers. 

Palm  stays,  or  dlafconal  stayS)  as  they  are  sometimes 
called,    are   used   in   locations    prohibiting    the    use   of   a 
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through  stayrod.  In  Scotch  boilers  they  are  usually  found 
supporting  the  lower  part  of  the  heads  between  the  fur- 
naces. 

The  combined  area  of  the  rivets  attaching  the  stay  to  the 
shell  should  at  least  equal  the  area  of  the  rod.  The  angle 
which  a  diagonal  stay 
makes  with  the  shell  should 
not  exceed  30°,  and  should 
be  as  much  smaller  as  pos- 
sible. 

726.      In    Fig.  184  is 

shown     a     cusset    stay. 

This     stay    consists   of   a 

''"'■^**-  wrought-iron  or  steel  plate 

A,    secured  to  the   head   and    shell   by  either  angle   or  T 

irons  £,  B. 

Gusset  stays  are  sometimes  used  for  the  same  purpose  as 
palm  stays.  

STAVING  THB  COMBUSTION  CHAMBER. 

726a.     The  lower  part  of  the  combustion  chamber  of 
Scotch  boilers  is  often  strengthened  by  several  hoops  made 


FiO.  18S. 

of  angle  iron  and  riveted  to  the  plate.     This  arrangement 

is  shown  in  Fig.  185. 
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There  are  numerous  other  forms  of  braces  and  stays,  but 
the  ones  illustrated  here  are  those  most  commonly  em- 
ployed.   

STRBaS  IN  STAYS. 

727.  The  area  supported  by  one  stay  is  found  by  mul- 
tiplying the  distance  from  center  to  center  of  stays  in  one 
direction  by  the  distance  from  center  to  center  in  the  other 
direction.  The  center-to- center  distance  is  known  as  the 
pitch  of  the  stays.  Through  stayrods  are  generally  spaced 
about  15  inches  from  center  to  center;  screw  staybolts  are 


PlO.  IM. 

generally  spaced  6^  inches  center  to  center,  the  stays  being 
arranged  in  vertical  and  horizontal  rows.  Their  diameter 
varies  from  J  inch  to  If  inches.  Screw  staybolts  used  for 
staying  the  flat  surfaces  of  fire-boxes,  furnaces,  and  back 
connections  must  in  no  case  be  spaced  more  than  lOJ  inches 
center  to  center.  No  flat  surface  greater  than  IG  inches 
square  must  be  left  unsupported.  In  Fig.  180  the  stays 
being  spaced  equidistant  in  both  directiuns,  the  area  sup- 
ported by  each  stay  is  a  X  «  =  a'-  If  the  pitch  be  7  inches 
ff.  If.    I.— 23 
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and  6  inches,  respectively,  the  area  supported  by  each  stay 
will  be  7  X  6  =  42  square  inches.*  Now,  the  area  supported 
by  each  stay,  in  square  inches,  multiplied  by  the  gauge  pres- 
sure in  pounds,  constitutes  the  load  borne  by  each  stay.  To 
bear  the  load  safely,  the  stay  must  have  a  certain  minimum 
area,  which  depends  upon  the  maximum  stress  allowable  per 
square  inch  of  cross -sect  ion.  The  maximum  stress  in  a 
wrought-iron  brace  or  stay  of  any  size,  or  steel  stay  up  to 
1^  inches  in  diameter  at  the  smallest  part,  is  fixed  at  6,000 
pounds  per  square  inch  of  cross-section  of  the  stay  or  brace. 
Steel  staybolts  exceeding  a  diameter  of  \\  inches  at  the 
smallest  part  and  not  over  SJ  inches  in  diameter  may  be 
allowed  a  stress  not  exceeding  8,000  pounds  per  square  inch 
of  cross -sect!  on.  Steel  stays  above  2f  inches  diameter  may 
be  allowed  a  stress  not  to  exceed  9,000  pounds  per  square 
inch  of  cross-section.  No  steel  stays  are  allowed  to  be 
forged  or  welded,  but  the  ends  of  such  stays  may  be  upset 
to  a  sufficient  thickness  to  allow  for  truing  up  and  forming 
the  threads. 

By  "area  of  a  stay  "  is  always  meant  the  smallest  cross- 
sectional  area  of  the  stay.  In  the  case  of  a  screw  stay,  the 
smallest  cross-sectional  area  is  that  corresponding  to  the 
diameter  over  the  bottom  of  the  thread,  unless  some  other 
part  has  a  smaller  diameter. 

•Note.— If  extreme  accuracy  is  required,  the  area  of  the  staybolt 
should  be  subtracted  from  the  area  found  by  multiplying  the  pitch  in 
one  direction  by  the  pitch  In  the  other  direction.  Thus,  in  the  fore- 
going example,  assuming  the  area  of  the  staybolt  to  be  1  sq,  in.,  the 
area  supported  by  the  bolt  would  be  42—1  —  41  sq.  in.  This  is  a 
re^nement  of  calculation  rarely  used  in  practice,  but  it  is  the  mathe- 
matically correct  way  of  calculating  the  area. 

728.  Let  A  =  the  area  in  square  inches  supported  by  a 
screw  stay,  staybolt,  or  stayrod; 

B  =  the  cross-sectional  area  of  the  stay  in 
square  inches; 

P  =  the  working  steam  pressure  in  pounds 
per  square  inch; 

L  =  the  load  on  the  stay  in  pounds; 
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^  =  the   stress   per   square   inch    of    cross- 
section  of  the  stay; 
S,  —  total  allowable  stress  in  a  stay; 
M  —  the  lawful  stress  per  square  inch  of  cross- 
section  of  the  stay ; 
Af  =  total  area  to  be  supported,  in   square 

inches ; 
JV  =  number  of  stays. 
Bule  133. — To  find  the  load  on  a  stay,  multiply  the  area 
supported  by  the  stay  by  the  gauge  pressure  of  the  steam. 
That  is,  L=A  P. 

ExAHFLK. — Find  the  load  on  a  stayboh,  the  pitch  of  the  ataybolts 
being  8  inches  either  way  and  the  steam  pressure  6S  pounds. 
Solution. — Applying  the  rule  just  given,  we  have 
Z.  =  8'  X  85  =  B.440  pounds.    Ans. 

Rule  134. — To  find  the  stress  per  square  inch  of  cross- 
section  in  a  stay,  divide  the  load  on  the  stay  by  the  area  of  the 
stay. 

That  is,  ^=^- 

ExAifPLR. — Staybolts  1^  inches  in  diameter  are  placed  tH  inches 
from  center  to  center.  The  steam  pressure  being  IOC  pounds,  what 
would  be  the  stress  in  the  stay  ? 

Solution.— The  area  of  the  staybolt  =  l.dS'  x  .7834  =  1.3273  sq.  tn. 
Applying  rule  134, 


_8.5'X100_ 
1.3: 


5=     "   „  '      =6.81 


Rule  134(Z. — To  find  the  total  allowable  stress  in  a  stay, 
multiply  the  area  of  the  stay  by  the  lawful  stress  per  square 
inch. 

That  is,  S,  =  BM. 

EXAHPI.E.— What  is  the  total  allowable  stress  in  a  rectangular 
wrought-iron  stay  measuring  8  in.  x  i  in.  7 

SoLtiTioN.— According  to  Art.  727,  ^f  =  9.000  lb.  Then,  apply- 
ing the  rule  just  given,  we  get 

5,  =  3  X  +  X  6.000  =  e.OOO  lb.     Ans. 
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Rule  135. —  To  find  the  working  stca/n  pressure  allowable 
on  a  stay,  multiply  the  area  of  the  stay  by  the  stress  cor- 
responding to  the  diameter  and  material  of  the  stay.  Divide 
this  product  by  the  area  supported  by  the  stay. 

That  is,  P=^. 

Example. — Steel  stayroda  2  inches  in  diameter  are  placed  H  inches 
from  center  to  center.  What  working  steam  pressure  would  be  allowed 
for  these  stays  ? 

Solution. — From  the  statement  made  in  Art.  727,  a  stress  of 
8,000  pounds  per  square  inch  may  be  allowed  on  a  rod  of  this  size. 
Applying  rule  135,  we  have 

„  .  2*  X  .7854  X  e,OC 


14' 


3  lb.    Ans. 


Rule  \iAW>a.~~To  find  the  number  of  stays  required,  mul- 
tiply the  area  of  the  sheet  to  be  stayed  by  the  steam  pressure^ 
and  divide  by  the  total  stress  allowable  in  the  given  size  of 
stay. 

That  is,  A^=d^. 

Example. — How  many  l^inch  round  staybolts  are  required  (or  a 
sheet  40  X  50  inches  to  carry  90  lb,  steam  pressure  ? 

Solution.— By  Art.  727,  ;)/  =  6,000  lb.  Then,  by  rule  134(1, 
S,  =  (H)'  X  .7864  X  6,000  =  5,064  lb.  Applying  rule  I35o  and  substi- 
tuting values,  we  get 

In  an  actual  design,  it  is  necessary  to  check  this  calcula- 
tion after  the  stay  centers  have  been  plotted  out  on  the 
drawing  board,  by  rule  138,  in  order  to  make  sure  that  the 
pitch  of  the  stays  does  not  exceed  the  maximum  pitch  allow- 
able for  the  given  thickness  of  plate  and  steam  pressure. 

729.  While  the  load  on  screw  stays,  staybolts,  and  stay- 
rods  is  directly  equal  to  the  total  pressure  on  the  area  sup- 
ported by  the  stay,  it  is  greater  for  palm  stays. 

The  load  on  a  palm  stay  may  be  found  graphically.  In 
Fig.    187   let  £■  F  be   the  stay,  the   load   on   which   it   is 
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desired  to  find.  If  the  area  of  the  head  that  is  supported  by 
this  stay  is  80  square  inches  and  the  steam  pressure  120 
pounds,  the  total  pressure  is  80  X  120  =  9,(i00  pounds. 

Draw  an  indefinite  line  in  a  direction  perpendicular  to  the 
head.  On  this  line  lay  ofE  the  distance  A  B  representing  the 
total  pressure.  If  a  scale  divided  into  thirty -seconds  of  an 
inch  be  used,  each  thirty -second  representing  100  pounds,  a 
line  equal  to  9,600  -h  100  =  96  thirty-seconds  of  an  inch 
=  If  inches  =  3  inches  in  length  would  represent  9,600 
pounds.  Through  the  point  B  draw  an  indefinite  line  B  D 
perpendicular  to  A  B,     Through  the  point  A  draw  a  line 


parallel  to  the  center  line  of  the  stay,  intersecting  the 
line  B D  at  C.  The  length  of  the  line  A  Crepresents  the 
stress  in  the  palm  stay,  measured  to  the  same  scale  as  the 
line  A  B.  Measuring  it,  it  is  found  to  be  3^  inches  = 
104  thirty-seconds  of  an  inch  in  length.  Hence,  the  load 
on  the  stay  =  104  X  100  =  10,400  pounds. 
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72d<i.  The  load  on  a  palm  stay  may  also  be  found  by 
calculation,  and  will  be  more  correct  generally. 

Let  b  =  the  distance  in  inches  from  the  boiler  head  to 
the  intersection  of  the  center  line  of  the  palm 
stay  with  the  shell; 
/  =  length  of  the  palm  stay  in  inches,  measured  be- 
tween head  and  shell  along  the  center  line  of 
the  stay ; 
A  P=  total  pressure  in  pounds  on  area  supported  by 

the  stay; 
L    =  load  on  the  stay  in  pounds. 
Rule  135^.  —  To  find  the  load  on  a  palm  stay,  divide  the 
length  of  the  palm  stay  by  the  distance  from  the  head  to  the 
intersection  of  the  center  line  of  the  palm  stay  with  the  shell. 
Multiply  the  quotient  by  the  total  pressure. 

That  is,  L  =  ^AP. 

Example. — The  palm  stay  of  a  boiler  is  6  feet  6  inches  long.  The 
distance  from  the  head  to  the  point  of  intersection  of  the  center  tine 
of  the  stay  with  the  shell  is  6  feet.  If  the  area  supported  by  the  stay 
is  100  square  inches  and  the  steam  pressure  80  pounds,  what  is  the  load 
on  the  stay  ? 

Solution.— The  total  steam  pressure  is  100  x  80  =  8,000  lb.  Then, 
applying  rule  135^,  we  have 

i  =  ^  X  8.000  =  8,666.67  lb.    Ans. 

729A  The  stress  per  square  inch  of  cross-section  is  found 
for  a  palm  stay  in  the  same  manner  as  for  any  other  stay, 
that  is,  by  rule  134. 

ExAHPLB. — What  is  the  stress  per  square  inch  if  the  stay  in  the 
previous  example  is  1}  inches  in  diameter  ? 

Solution. — Applying  rule  134,  we  have 


729^.  The  load  for  a  given  supported  area  of  plate  and 
steam  pressure  being  greater  for  palm  stays  than  for  stay- 
rods,  the  allowable  working  pressure  is  conversely  smaller. 
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Rule  13Sr. — To  find  the  ivorking  steam  pressure  allow- 
able on  a  palm  stay,  multiply  the  result  obtained  by  rule  135 
by  the  quotient  obtained  by  dividing  the  distance  from  the  head 
to  the  intersection  of  the  center  line  of  the  stay  with  the  shell 
by  the  length. 

That  is,  -P-tX^- 

Example. — What  working  steam  pressure  would  be  allowed  for  the 
palm  stay  having  the  same  dimensions  as  given  in  the  last  example,  and 
made  of  iron  ? 

Solution, — According  to  Art.  727,  a  stress  of  6,000  pounds  per 
square  inch  may  be  allowed  for  iron  stays.    Applying  rule  I35r,  we 

^  =  .T'<""''"S  "'"  =  '"■«"-■    *°- 

NoTB. — The  student  is  recommended  to  thoroughly  familiariie  him- 
self with  the  principles  and  rules  governing  the  toad  on  staybolts  and 
stayrods,  as  a  candidate  for  a  marine  engineer's  license  must  be 
rejected  by  the  eiaminins  inspectors  should  he  fail  to  answer  any 
question  similar  to  the  ones  given  nere. 


STRENGTH  OF  STAYED  SURFACES. 
730.  The  working  pressure  on  flat  surfaces  stayed  by 
screw  stays  and  staybolts,  as  shown  in  Figs.  172,  173,  and 
174,  or  socket  bolts,  as  shown  in  Fig.  176,  is  determined  by 
the  following  rule,  provided  the  thickness  of  the  plate  does 
not  exceed  ^  inch,  and  provided  the  surfaces  are  those  of 
the  fire-boxes,  furnaces,  and  back  connections. 
Let  P-=  the  working  pressure; 

/  =  the  thickness  of  the  plate  in  sixteenths  of  an 

inch;* 
a  =  the  pitch  of  the  stays. 


•NoTB.— In  rules  136, 137,  138,  139,and  140,  the  eipreasion 
"the  square  of  the  thickness  of  the  plate  in  sixteenths  of  an  inch" 
means  the  square  of  the  numerator  of  the  frai^tion  expressing  the 
thickness  of  the  plate  In  sixteenths  of  an  inch.  For  instance,  if  a 
plate  is  \  in.  thick,  the  thiclcness  in  sixteenths  of  an  inch  is  y'„  and 
the  square  of  the  thickness  in  sixteenths  would  be  6  X  6  =  36. 
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Rule  136. —  To  find  the  working  pressure  allowed  on  the 
surfaces  mentioned  above,  multiply  the  constant  112  by  the 
square  of  the  thickness  of  the  plate  in  sixteenths  of  an  inch. 
Divide  this  product  by  the  square  of  the  pitch  of  the  stays. 

a* 
Example, — Find  the  working  pressure  allowed  on  a  flat  plate  \  inch 
in  thicksess,  fitted  with  staybolts  having  a  pitch  of  7  inches. 
Solution. — Since  |  =  -^i  we  have,  applying  the  rule  just  given, 

/■  =  111^  =82.29  lb.  per  sq.  in.     Ana. 

For  plates  above  -^  in.  thick,  the  working  pressure  may 
be  found  by  substituting  120  for  the  constant  112. 

Rule  137. —  To  find  the  working  pressure  allowed  on  fiat 
surfaces  abox'e  -^  inch  in  thickness,  multiply  the  constant  120 
by  the  square  of  the  thickness  of  the  plate  in  sixteenths  of  an 
inch.  Divide  this  product  by  the  square  of  the  pitch  of  the 
stays. 

That  is,  P='^. 

a 

Example. — A  plate  |  inch  thick  is  supported  by  stays  having  a  pilch 
of  10  inches.     What  working  pressure  would  be  allowed  on  this  plate? 
Solution. — Since  }  =  ^,  we  have,  applying  rule  137, 

_  120  X  la* 

10' 


/'  =  ^^^^j^p^  =  17S.8lb.  persq.in.    Ans. 


731*  The  pitch  of  the  staybolts  supporting  the  fire- 
boxes, furnaces,  and  back  connections  must  in  no  case  ex- 
ceed 10^  inches,  nor  be  more  than  will  be  determined  by  the 
following  rule,  the  thickness  of  the  plate  and  the  steam 
pressure  being  given: 

Rule  138. —  To  find  the  maximum  pitch  of  staybolts, 
multiply  the  constant  112  by  the  square  of  the  thickness  of  the 
plate  in  sixteenths  of  an  inch.  Divide  this  product  by  the 
steam  pressure  and  extract  the  square  root  of  the  quotient. 
For  plates  exceeding  ^  inch  in  thickness,  substitute  the  con- 
stant 130. 
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-  for  plates  -^  inch  or  less. 

./uoT'        ,         .        .  .    ^ 

a  =  v  — p—  for  plates  above  ^  inch, 

ExAUPLE.— Find  the  proper  pitch  of  the  sUybolts,  the  thickness  of 
the  plate  being  -}  inch  and  the  steam  pressure  113  pounds. 
Solution.— Since  |  =  jV,  we  have,  applying  rule  1 38, 

a  =  |/lliA^  =  6  in.  pitch.     Ans. 

ExAKPLE.— Find  the  proper  pitch  of  the  staybolts.  the  thickness  of 
the  plate  being  i  inch  and  the  steam  pressure  173.8  pounds. 
Solution.— Since  }  =  \},  we  have,  applying  rule  138, 

"  =  -/^tS^'  =  *•*  '"■  ^'^^-  -^"^ 

732.  The  working  pressure  on  plates  stayed  by  rods 
with  threaded  ends  and  provided  with  nuts  on  the  inside  and 
on  the  outside  of  the  plate,  similar  to  that  shown  in  Fig.  180, 
is  determined  by  the  following  rule: 

Rule  139. —  To  find  the  working  pressure  allowed  on  flat 
surfaces  fitted  with  stayrods  provided  with  double  nuts,  mul- 
tiply the  constant  1^0  by  the  square  of  the  thickness  of  the 
plate  in  sixteenths  of  an  inch.  Divide  this  product  by  the 
square  of  the  pitch. 

That  is,  P=li^. 

a 

EXAHPLB. — What  pressure  would  be  allowed  on  a  plate  ^|  inch 
thick,  fitted  with  stayrods  as  above,  14  inches  from  center  to  center  ? 
Solution. — Applying  the  rule  just  given,  we  have 

/>=y?^_12!  =  120.7lb.  persq.  in.     Ans. 

733.  The  working  pressure  on  flat  surfaces  fitted  with 
stayrods  similar  to  the  one  shown  in  Fig.  179,  that  is,  pro- 
vided either  with  washers  or  a  stiffening  plate,  may  be  de- 
termined by  rule  140,  given  below. 

When  a  square  washer  is  used  riveted  to  the  outside  of 
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the  head,  its  thickness  must  be  at  least  i  the  thickness  of  the 
head,  and  the  length  of  its  side  must  be  at  least  equal  to 
J  of  the  pitch. 

When  a  stiffening  plate  is  used,  covering  the  whole  area 
to  be  braced,  and  placed  either  inside  or  outside,  it  must  be 
firmly  riveted  to  the  head  and  be  at  least  equal  to  ^  the 
thickness  of  the  head. 

Plates  supported  by  double  angle  irons  riveted  to  the  plate, 
with  stayrods  between  the  two  angle  irons,  as  shown  in 
Fig.  181,  may  also  be  allowed  the  working  pressure  com- 
puted by  rule  140,  if  the  legs  of  the  angle  iron  have  a 
thickness  at  least  equal  to  f  the  thickness  of  the  plate  and 
a  depth  of  not  less  than  ^  the  pitch  of  the  stayrods. 

For  plates  reenforced  as  above,  the  thickness  of  plate  to  be 
used  in  computing  the  working  pressure  allowed  is  to  be 
taken  as  80  per  cent,  of  the  combined  thickness  of  plate  and 
washer,  or  plate  and  stiffening  plate,  or  plate  and  leg  of 
angle,  and  in  the  rule  given  must  be  expressed  tn  sixteenths 
and  fractional  parts  of  a  sixteenth  of  an  inch.  For  ex- 
ample, if  the  combined  thickness  equals  IJ  inches,  80^  of 

this  would  be  — -■  ■  =  ^^  of  an  inch.  But  as  the  rule  re- 
quires the  thickness  to  be  expressed  in  sixteenths  of  an  inch, 
this  fraction  must  be  reduced  to  sixteenths.  This  may  be 
done  readily  by  multiplying  the  numerator  of  the  fraction 
expressing  the  80^  of  the  combined  thickness  by  16,  and 
dividing  the  product  by  the  denominator  of  the  same  frac- 

tio„.      ....„„„.. jjj 

Rule  140. —  To  find  the  working  pressure  on  flat  surfaces 
stayed  by  stayrods,  reenforced  in  conformity  with  Art.  733, 
multiply  the  constant  200  by  the  square  of  the  number  of  six- 
teenths of  an  inch  representing  80<^  of  the  combined  thickness 
of  the  plate  and  reenforcing  washer,  plate,  or  angle.  Divide 
this  product  by  the  square  of  the  pitch. 

That  is,  P=  — =— . 
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STEAM  AND  STEAM  BOILERS.  S45 

ExAUPLE. — Find  the  working  pressure  allowed  on  a  (  of  an  Inch 
plate  supported  by  stayrods  spaced  15  inches  center  to  center,  a  stifien* 
ing  plate  i  of  an  inch  thick  being  riveted  to  the  boiler  head. 

SoLUTiOK.~The  combined  thickness  of  the  two  plates  is  )  +  ^  =  Ij^ 
Inches.  Then,  *  ^^-  =  1  inch,  or  16  sixteenths.  Now,  applying 
rule  140,  ne  get 


IS* 


=  237.69  pounds  per  square  inch.    Ans. 


ExAUPLB. — Wit^  Htayroda  spaced  14  inches  center  to  center,  and 
a  t  of  an  inch  plate  reenforced  by  washers  {  of  an  inch  thick,  of  proper 
size  and  securely  riveted,  what  working  pressure  would  be  allowed  ? 

Solution.— The  combined  thickness  of  plate  and  washer  is  t  +  J  = 
1  inch.  SOS  of  this  is  -  j^^  =  -^  of  an  inch.  Reducing  this  fraction 
to  sixteenths,  we  get  12.B  sixteenths.    Then,  by  applying  rule  140( 

900  X  13  8* 
P  = \2i~'~  =  107.18  pounds  per  square  inch.     Ans. 

734.  In  all  the  foregoing  rules  it  has  been  assumed  that 
the  bracing  is  of  the  proper  size ;  that  is,  that  the  stress  per 
square  inch  of  section  does  not  exceed  the  lawful  limit. 
Should  the  stress  be  more,  the  pressure  must  be  reduced  or 
the  size  of  the  stays  increased  until  the  stress  comes  within 
the  prescribed  limit.  This  applies  to  all  cases,  and  is  inde- 
pendent of  the  size  of  the  plate. 


FLUBS. 

735<     RlTcted   smoke    flues    are    usually  made    as 

shown  in  Fig.  188,     They  are  made  in  sections,  fitted  one 


into  the  other  and  substantially  riveted.     Table  27  gives  the 
working  pressure,  the  thickness  of  material,  the  minimum 
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thickness  of  material  for  any  diameter,  and  the  maximum 
length  of  sections  of  both  riveted  and  lap-welded  flues  over 
6  inches  in  diameter  and  not  over  40  inches  in  external  di- 
ameter. The  length  of  the  sections  is  to  be  measured  from 
center  line  to  center  line  of  the  rivets  in  the  circular  seams 
of  the  flue. 

The  requirements  laid  down  in  Table  27,  in  regard  to 
length  of  sections,  may  be  deviated  from  in  the  following 
cases,  and  according  to  the  rules  given  in  conjunction  with 
the  same. 

Lap-welded  flues  above  6  inches  in  diameter  and  not  ex- 
ceeding 16  inches  diameter  need  not  be  made  in  sections, 
provided  the  steam  pressure  does  not  exceed  60  pounds  per 
square  inch  or  the  length  of  the  flue  18  feet.  If  the  pres- 
sure is  over  60  pounds  and  not  exceeding  liO  pounds,  such 
flues  may  be  made  in  sections  not  exceeding  5  feet  in  length. 
The  thickness  of  these  flues  may  be  taken  from  Table  28, 
which,  as  will  be  noted,  is  carried  up  to  16  inches  diameter. 

736<  Riveted  and  lap-welded  flues  of  any  thickness  of 
material,  diameter,  and  length  of  section  prescribed  in 
Table  27  may  be  made  in  sections  of  any  desired  length  ex- 
ceeding the  maximum  length  allowed  in  the  table,  provided 
the  working  pressure  is  reduced  in  proportion  to  the  in- 
creased length  of  section,  according  to  the  following  rule: 

Rule  141. —  To  find  the  working  pressure  on  flues  as  de- 
scribed above,  multiply  the  pressure  in  the  table  allowed  for 
any  prescribed  thickness  of  material  and  diameter  of  flue  by 
the  greatest  length,  in  feet,  of  sections  allowable  for  such  flue, 
and  divide  the  product  by  the  desired  length  of  sections  in 
feet. 

Example. — According  to  the  table,  the  workinR  pressure  allowed  on 
a  flue  30  inches  in  diameter  constructed  of  material  ,40  inch  in  thick- 
ness and  made  in  sections  of  2J  feet,  is  115  pwunds.  Find  the  working 
pressure  it  the  length  of  the  section  is  increased  to  4  feet. 

Solution. — Using  rule  141,  we  have 

—^-r-—  =  71.K75  lb.  per  sq.  in.     Ans. 
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737>  Tub«a,  as  the  smaller  sizes  of  smoke  flues  are 
generally  called,  are  used  to  give  increased  heating  surface 
to  boilers.  They  are  usually  made  of  charcoal  iron  and  are 
lap-welded,  although  lately  solid  drawn  steel  tubes  have 
come  into  extensive  use.  The  tubes  are  driven  in  from  the 
head  of  the  boiler  through  both  tube-sheets  until  they  pro- 
ject about  ^  inch  into  the  back  connection,  their  length 
being  such  that  about  f  to  ^  inch  will  be  left  outside  the 
front  tube-sheet.  By  means  of  a  tube  expander  the  tubes 
are  expanded  into  the  sheets,  this  serving  to  make  a  tight 
joint.  The  ends  of  the  tubes  projecting  into  the  combus- 
tion chamber  are  then  beaded  over  nearly  flush  with  the 
sheet,  the  front  ends  of  the  tubes  being  merely  expanded,  so 
the  tubes  may  be  driven  inwardly  a  little  and  expanded  and 
beaded  anew  should  they  leak. 

738.  A  "  DudKeon  "  roller-tube  expander,  shown 
in  Fig.   189,  is  extensively  used  for  expanding  tubes.     It 


consists  of  a  body  A  provided  with  three  slots  for  the  re- 
ception of  the  rollers  a,  a,  a.  A  plate  B  fastened  to  the 
body  by  the  three  screws  c,  c,  c  prevents  any  longitudinal 
movement  of  the  rollers.  The  rollers  are  forced  outwards 
and  rotated  by  the  taper  pin  C,  which  is  provided  with  a 
head  perforated  with  two  holes  at  right  angles  to  each  other. 
To  make  the  expander  adjustable  for  different  thicknesses 
of  tube-sheets,  the  hood  D  ma^  be  moved  longitudinally  and 
may  be  locked  in  any  desired  position  by  means  of  a  small 
taper  pin  d,  which  is  driven  inwards  to  lock  the  hood.     The 
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operation  of  the  expander  is  as  follows :  The  expander  is 
pushed  into  the  tube,  the  projections  Lf,  If  limiting  the 
depth  to  which  the  tool  may  be  inserted.  A  sharp  blow  with 
a  copper  hammer  is  struck  on  the  head  of  the  pin  C,  forcing 
it  inwards,  and,  hence,  the  rollers  outwards.  Next,  a  bar  is 
inserted  intq  one  of  the  holes  in  the  head  and  the  pin  ro- 
tated; the  friction  between  the  pin  and  the  rollers  causes  the 
rollers,  and  consequently  the  whole  tool,  to  rotate.  This  , 
operation  expands  the  tutie. 


THB  THICKNB88  Or  BOILER  TUBES. 

.  739<  The  thickness  of  boiler  tubes,  as  required  by  the 
Board  of  Supervising  Inspectors,  is  given  in  the  table 
below ; 

TABLB  28. 


Outside 
Diameter. 

Tliicltness. 

Outside 
Diameter. 

Tliickness. 

1 

.ora 

4J 

.134 

li 

.072 

.148 

1* 

.083 

.165 

U 

.095 

.165 

2 

.095 

.165 

H 

.095 

.180 

21 

.109 

10 

.203 

n 

.109 

11 

.220 

3 

.109 

12 

.229 

34 

.120 

13 

.238 

3J 

.120 

14 

.248 

3» 

.120 

15 

.259 

1 

.134 

10 

.270 

The  table  gives  the  minimum  thickness  of  boiler  tubes  up 
to  6  inches  in  diameter,  and  o!  any  required  length,  to  carry 
a  working  pressure  not  to  exceed  2^5  pounds  per  square  inch, 
if  deemed  safe  by  the  inspectors. 
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FURNACB  PI.UB8. 

740>     Furnace  flues  may  be  made  in  different  ways, 
as  shown  in  Fig,  190,     In  A,  Fig.  190,  the  furnace  flue  is 


made  in  sections  of  not  more  than  8  feet  in  length.  Each 
section  is  flanged  to  a  depth  of  not  less  than  2J  inches,  and 
the  sections  are  riveted  together  with  a  wrought-iron  ring 
(shown  at  a)  between  the  flanges.  The  thickness  of  the 
ring  must  not  be  less  than  i  inch  nor  its  width  less  than 
%^  inches. 

741.  A  different  construction  is  shown  at  B,  Fig.  190, 
Angle-iron  rings  (shown  at  a)  are  employed,  serving  to 
stiffen  the  flue.  The  thickness  of  the  material  of  the  ring 
must  not  be  less  than  double  that  of  the  flue,  and  the  depth 
must  not  be  less  than  3^  inches.  The  rings  are  held  in 
position  by  rivets  passing  through  wrought-iron  thimbles 
d,  b,  placed  between  the  inner  surface  of  the  strengthening 
ring  and  the  outer  surface  of  the  flue.  The  length  of  the 
thimbles  must  not  be  more  than  3  inches,  nor  the  diameter 
of  the  rivets  less  than  IJ  times  the  thickness  of  the  material 
in  the  flue.  The  pitch  of  the  rivets,  measured  at  the  outer 
surface  of  the  flue,  is  not  to  be  more  than  6  inches. 

742.  At  C,  Fig.  190,  the  strengthening  ring  shown  at  a 
is  made  of  half  round  iron.  The  proper  area  of  the  ring 
may  be  found  by  multiplying  the  thickness  of  the  flue  in 
decimals  of  an  inch  by  the  constant  9.C;  the  product  will  be 
the  area  in  square  inches.     The  ring  is  held  in  position  by 
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rivets  passing  through  wrought-iron  thimbles  b  not  more 
than  3  in.  in  height.  If  rivets  \  in.  diameter  and  over  are 
used,  the  pitch  must  not  exceed  8  in. ;  for  rivets  J  in.  di-  - 
ameter,  6  in.,  or  for  rivets  f  in.  diameter,  4  in.,  the  pitch  to 
be  measured  at  the  outer  surface  of  the  flue.  No  rivets 
smaller  than  J  inch  are  to  be  used  for  securing  strengthen- 
ing rings. 

The  distance  center  to  center  of  flanges  or  strengthening 
rings  is  to  be  taken  as  the  length  of  the  flue  in  computing 
the  working  pressure  allowable. 

743.  The  working  pressure  allowed  on  furnace  flues 
with  flanged  ends,  as  A,  Fig.  190,  or  with  angle-iron  rings, 
as  B,  Pig.  190,  is  determined  by  the  following  rule,  which 
also  applies  to  the  furnaces  of  vertical  boilers,  provided  the 
diameter  of  the  furnace  does  not  exceed  42  in.  and  the 
height  40  in. : 

Let  D  =  diameter  of  flue  in  inches; 

T  =  thickness  of  flue  in  decimals  of  an  inch ; 
L  =  length  of  flue  in  feet,  not  to  exceed  8  feet; 
/*=  the  working  pressure  in  pounds  per  square  inch; 

89,600  =  a  constant ; 

67,300=  a  constant. 

Rule  142. —  To  find  the  working  pressure  allowed  on 
furnace  flues  with  flanged  joints,  and  with  angle-iron  rings, 
and  on  furnaces  of  vertical  boilers,  multiply  the  square  of 
the  thickness  of  the  flue  by  tfte  constant  S9,600.  Divide  the 
product  by  the  product  of  tfte  length  in  feet  and  the  diameter 
in  inches. 

„,        .  „      ^9,600  7"' 

Thafs,  ^=   -T,-Z!— 

Example, — A  furnace  flue  8  feet  long,  33  inches  in  diameter,  and 
constructed  of  material  .5  inch  in  thickness,  is  fitted  with  an  angle-iron 
strengthening  ring  at  the  middle  of  its  length.  Find  the  working 
pressure  allowable. 

Solution. — As  the  furnace  flue  has  a  strengthening  ring  at  the 
middle,  the  length  of  flue  to  be  used  in  applying  the  rnle  will  be 
8  -f-  3  =  4  feet.    Then,  applying  rule  1 42,  we  get 

p  =  ^■^'^^■^'  =  147.88  lb.  per  sq.  in.    Ana. 
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Rule  1 43. —  To  find  tlu  working  pressure  allowid  on  fur- 
nace fluvs  fitted  with  half -round  slrcngthcning  rings,  multiply 
the  square  of  the  thickness  of  the  flue  by  the  constant  67,200. 
Divide  this  product  by  the  product  of  the  length  of  a  section 
in  feet  and  the  diameter  in  inches. 

T,.    ,  ■  D     67.200  T' 

That  IS,  P=^-^-. 

Example. — A  furnace  flue  40  inches  in  diameter  and  .5  in.  thick  is 
fitted  with  half-round  iron  rings  3  feet  center  to  center.    What  work- 
ing pressure  would  be  allowed  un  this  flue  ? 
Solution.— Applying  rule  143,  we  have 
_  87,200  > 
8x40  " 


■P  =  ^5-^7^  =  '*»''>-P"^-* 


744.     Corrugated  furnace  flues  are  used  very  ex- 
tensively for   Scotch  boilers,  the   corrugations  serving  to 


Pig,  101. 
strengthen  the  flue  considerably.  In  Fig.  191  a  common 
construction  of  such  a  flue  is  shown.  The  end  marked  A  in 
the  figure  is  cylindrical  and  is  attached  by  rivets  to  the  head 
of  the  boiler,  which  is  flanged  either  inwardly  or  outwardly 
to  fit  closely  over  the  cylindrical  part  of  the  furnace  flue. 
The  other  end  of  the  flue  is  flanged  in  the  manner  shown; 
the  back  tube-sheet  is  riveted  to  the  flange  C,  and  the  plates 
forming  the  sides  of  the  combustion  chamber  are  riveted  to 
the  flanges  D,  D.  The  depth  of  the  corrugations  must  not 
be  less  than  IJ  inches,  the  distance  from  center  to  center  of 
corrugations  not  more  than  8  inches,  the  plain  part  at  the 
ends  not  more  than  9  inches,  and  the  thickness  not  less  than 
1^  inch. 

H.  M.    I.— 24 
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745.  A  Purves  ribbed  furnace  flue  is  shown  in 
Fig.  192.  The  heighl  of  the  ribs  is  made  If  inches,  the  dis- 
tance from  center  to  center  of  ribs  9  inches.     The  thickness 


Fic.  isa. 
of  the  flue  must  not  be  less  than  -^  inch,  and  the  length  of 
the  plain  part  at  the  ends  must  not  exceed  9  inches. 

746.  Both  corrugated  and  ribbed  flues  may  be  used  for 
the  uptakes  of  boilers  having  a  wet  uptake.  The  working 
pressure  allowed  on  corrugated  and  ribbed  furnace  flues  may 
be  found  as  follows: 

Let  T=  the  thickness  of  the  flue  in  decimals  of  an  inch; 
D  =■  the  mean  diameter  in  inches; 
P  =  the  steam  pressure; 

14,000  =  a  constant. 

The  mean  diameter  of  a  corrugated  flue  is  to  be  taken  as 
the  outside  diameter  measured  at  the  bottom  of  the  cor- 
rugations. The  mean  diameter  of  a  ribbed  flue  is  to  be 
taken  as  the  outside  diameter  over  the  flat  part  of  the  flue. 

Rule  144. —  To  find  the  working  pressure  allowed  on  cor- 
rugated and  ribbed  furnace  flues,  multiply  the  thickness  of 
the  flue  by  the  constant  ljf,000.  Divide  this  product  by  the 
mean  diameter. 

'T^U   .  ■  /,       14,000  T 

That  IS,  P=  ~~^jY — . 

Example. — Find  the  working  pressure  allowed  on  a  corrugated  fur- 
nace flue  3lt  inches  mean  diameter  and  constructed  of  f-inch  material. 
-Applying  rule  144,  we  have 


_  U.OOO  X  . 
3« 


=  145.B3  lb.  per  sq.  in.     Ans. 
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Example.— Find  the  working  pressure  allowed  on  a  ribbed  furnace 
flue  38  inches  in  diameter  over  the  plain  part  and  i  inch  thick. 
Solution. — Applying  rule  144,  we  have 

„      14,000  X  .5      ,o,  „,  ,.  .         . 

P  = ij= =  184.31  lb.  per  aq.  in.     Ans. 

740a.     A  Morlson  BuspenBlon  furnace  flue  is  shown 
in  Fig.  192a.     This  flue  somewhat  resembles  the  corrugated 


flue  shown  in  Fig.  191.  The  outer  corrugations,  as  a,  a  in 
Fig,  192a,  are  made  to  a  small  radius,  and  are  joined  hy  a 
curve  of  about  double  the  radius  of  the  outer  corrugations. 
When  this  flue  is  made  with  corrugations  8  inches  center  to 
center,  of  materia)  not  less  than  -^  of  an  inch  thick,  with 
the  plain  part  at  the  ends  not  over  9  inches  long,  and  the 
radius  of  the  outer  corrugations  not  more  than  one-half  of 
the  radius  of  the  curve  joining  them,  the  working  pressure 
is  determined  by  rule  I44rt.  In  this  rule  the  letters  have 
the  same  value  as  in  rule  144,  and  the  constant  is  15,000 
instead  of  14,000. 

Rule  144fl. — To  find  the  working  pressure  allowed  on 
Morison  supension  furnace  flues,  multiply  the  thickness  of  the 
flue  by  the  constant  15,000.  Divide  this  product  by  the  mean 
diameter. 

P_  15.000  T 
^~        D      ■ 

The  mean  diameter  is  to  be  taken  as  the  outside  diameter 
over  the  bottom  of  the  corrugations. 


That  is, 
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EXAMPI-B.— What  working  pressure  would  be  allowed  on  a  Morison 
furnace  flue  43  inches  mean  diameter  and  |  of  an  inch  thick  ? 
SOLUTIOK.— Applying  rule  144a,  we  have 

„  _  ia.000  X 


43 


3  lb.  per  sq.  in.    Ana. 


HEADS. 
A  bumped  tieadt  which  i 


often  used  in  the  con- 
struction of  steam 
drums,  is  shown 
at  (a).  Fig.  193.  As 
shown  in  the  figure, 
it  is  flanged  and 
riveted  to  the  shell 
in  such  a  manner 
that  the  concave 
part  of  the  head 
receives  the  steam 
pressure. 


Let  P—  the  steam  pressure; 
T=  thickness  in  inches; 
^=the    radius    to   which    the   head  is  bumped   in 

inches; 
5  =  the  tensile  strength  of  the  material  in  pounds. 
Rule  145. — To  find  the  pressure  allowed  on  bumped  heads 
■when  single  riveted  to  the  shell,  multiply  the  tensile  strength 
of  the  material  by  its  thickness.  Divide  the  product  by 
3  times  the  radius  to  which  the  head  is  bumped.  When  the 
head  is  double  riveted  to  the  shell,  divide  the  product  of  the 
tensile  strength  of  the  material  and  its  thickness  by  2.5  times 
the  radius  to  which  the  head  is  bumped. 


That  is, 


T_S 


for  single-riveted  heads, 
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Example. — The  head  of  a  steam  drum  is  bumped  to  a  radius  of 
36  inches.  The  thickness  of  the  head  being  i  of  an  inch  and  the 
tensile  strength  of  the  material  65,000  pounds,  what  would  be.  the 
working  pressure  allowed  (a)  if  single  riveted  ?    (t)  if  double  riveted  ? 

Solution.— Applying  rule  14S  to  question  (a),  we  have 

i-  =  iJ|^  =  2M.»8  1b.p.rs,.ln.     An.. 
Applying  rule  145  to  question  {i).  we  get 

€.66  lb.  per  sq.  in.    Ans. 


jX  55,000  _ 
"    3.5x86    " 


To  find  the  radius  to  which  the  head  is  bumped,  square 
half  the  diameter  of  the  head  and  divide  the  product  by 
the  height  of  the  bump.  Add  the  height  of  the  bump  to 
the  quotient  and  divide  the  sum  by  2. 

748*  A  concaved  bead,  shown  at  {6),  Fig.  193,  is 
merely  a  bumped  head  fastened  into  the  drum  in  such  a 
manner  that  the  convex  surface  receives  the  steam  pressure. 
The  working  pressure  allowed  is  given  by  the  following 
rule: 

Rule  146. — To  find  the  pressure  allowed  on  concaved 
heads  single  riveted  to  the  shell,  multiply  the  tensile  strength 
of  the  material  by  its  thickness^  and  divide  this  product  by 
5  times  the  radius  to  -which  the  head  is  bumped.  For  double- 
rivetedconcaved  heads  divide  the  product  of  the  tensile  strength 
of  the  material  and  its  thickness  by  Jt\  times  the  radius  to 
■which  the  head  is  bumped. 

TS 
That  is,       P=  ^-p    for  single-riveted  heads, 

7'5 
and  P=  jr-^    for  double-riveted  heads. 

BXA 11 PLE.— Given,  a  concaved  head  bumped  to  a  radius  of  88  inches, 
the  material  being  i  of  an  inch  thick  and  having  a  tensile  strength  of 
66,000  pounds;  whiit  working  pressure  would  be  allowed  (<i)  if  single 
riveted  7    {i)  if  double  riveted  ? 

Solution. — Applying  rule  146  to  question  (n),  we  have 

j'^ij<^^  =  mM\b.peTsq.m.    Ann. 
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Applying  rule  146  to  question  (^),  i 


_iX  05,000 


188.33  lb.  per  sq.  t 


749.  The  pressure  allowed  on  unstayed  flat  heads  of 
steam  drums  or  shells  of  boilers  when  flanged  and  made  of 
wrought  iron,  steel,  or  cast  steel  is  determined  by  the  fol- 
lowing rule: 

Let  P  =  working  pressure  in  lb.  per  sq.  in. ; 
7"=  thickness  in  inches; 
S  =  tensile  strength  of  the  material; 
A  =  area  of  the  head  in  square  inches. 
Rule  147. —  To  find  the  pressure  allowed  on  unstayed  flat 
heads,    multiply   the  thickness   of   the    head  by   its   tensile 
strength.     Divide  this  product  by  fifty-four  hundredths  of 
the  area  of  the  head. 

That  is,  P=  4;^. 

Example.— The  diameter  of  the  flat  head  of  a  steam  drum  being 
24  inches,  its  thiclcness  \  inch,  and  its  tensile  strength  48,000  pounds, 
fiud  the  working  pressure  allowed  on  this  head. 

Solution. — Applying  rule  147,  we  have 
„  .8  X  48.000 


-.MX  24'  X  .1854  " 


»8.241b.  persq.  in.     Ans. 


STRESSES    IN    BOIf,ER    SHELLS. 
750.     If  the  cylindrical  shell  shown  in  Fig.  194  be  sub- 
jected to  an  internal  pressure,  there  will  be  two  forces  tend- 


.m__j2L_  i\ 

\f]~^ 

\) 

\) 

PlO.  194. 

ing  to  rupture  it.     One  force,  indicated  by  the  arrows  A,  A, 
acting  in  the  direction  of  the  length,  tends  to  tear  the  shell 
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in  a  transverse  plane,  as  B  B^.  The  other  force,  indicated 
by  the  arrows  C,  C,  acting  perpendicular  to  the  axis,  tends 
to  rupture  the  boiler  in  a  longitudinal  plane  passing  through 
the  axis,  as  />/>,/>,/>,,  These  two  forces  are  opposed  by 
the  tenacity  of  the  material  of  which  the  shell  is  composed. 
It  is  easy  to  see  that  the  magnitude  of  the  force  tending  to 
rupture  the  shell  in  a  transverse  plane  is  equal  to  the  area 
of  the  head  in  square  inches  times  the  steam  pressure  per 
square  inch.  As  this  force  is  resisted  by  the  tenacity  of  the 
material,  the  magnitude  of  the  tenacity  being  measured  by 
the  sectional  area,  the  stress  per  square  inch  of  section  of 
the  material  is 

area  of  the  head  x  pressure 
area  of  section 

It  can  be  proven,  both  by  mathematics  and  by  experi- 
ment, that  the  magnitude  of  the  force  tending  to  rupture 
the  shell  in  Fig.  194  in  a  longitudinal  plane  is  equal  to  the 
internal  diameter  times  the  length  times  the  pressure. 

To  resist  this  force,  we  have  the  combined  sectional  area 
of  the  material  of  the  two  sides  of  the  shell.  Hence  the 
stress  per  square  inch  of  section  equals 

the  internal  diameter  x  the  length  X  the  pressure 
combined  sectional  area 

751*  Suppose  we  have  a  plain  cylindrical  shell  con- 
structed of  any  convenient  material.  Let  the  inside 
diameter  be  36  inches,  the  length  120  inches,  the  thickness 
of  the  shell  ^  inch,  and  the  internal  pressure  to  which  it  is 
subjected  100  pounds  per  square  inch. 

The  pressure  on  the  head  and,  consequently,  the  mag- 
nitude of  the  force  acting  in  the  direction  of  the  length  is 
36' X. 7854  X  100  =  101,787.8  pounds.  This  force  is  re- 
sisted by  the  tenacity  of  36.5' X.7854- 36' X. 7854  =  38,471 
.square  inches  of  material.  Hence  the  stress  per  square 
inch  of  section  is  101,787.8  -^  28.471  =  3,675.14  pounds.  The 
magnitude  of  the  force  acting  perpendicular  to  the  axis 
equals  36  x  120  X  100  =  432,000  pounds.     The  area  of  the 
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material  resisting  this  force  equals  120  x  .25  x  2  =  60  square 
inches;  hence  the  unit  stress  is 432,000 -^  CO  =  7,200  pounds 
per  square  inch.  This  shows  that  there  is  7,200  -;-  3,575.14  = 
say  about  twice  as  mnch  resistance  to  transverse  rupture  as 
there  is  to  rupture  in  a  longitudinal  plane.  Hence  it  fol- 
lows that  if  the  material  is  proportioned  to  withstand  the 
force  perpendicular  to  the  axis,  it  will  possess  ample  strength 
in  the  other  direction.  For  convenience  in  calculation,  the 
length  of  the  shell  is  taken  as  1  inch.  If  a  boiler  is  con- 
structed of  plates  varying  in  thickness  and  tensile  strength, 
the  least  thickness  and  the  lowest  tensile  strength  must  be 
used  in  calculating  the  strength  of  the  boiler. 

752.  In  a  cylinder  that  is  on  the  point  of  bursting,  the 
resistance  of  the  material  to  rupture  must  be  equal  to  the 
force  tending  to  cause  rupture.  Hence  a  cylinder  is  on  the 
point  of  bursting  if  the  product  of  the  diameter  and  pressure 
equals  the  product  of  twice  the  thickness  of  the  cylinder  and 
the  ultimate  tensile  strength  of  the  material  of  which  it  is 
composed.  It  will  be  noticed  that  the  length  of  the  cylin- 
der has  not  been  taken  into  account;  the  length  has 
been  assumed  to  be  1  inch,  for  the  reason  previously  given. 
From  arithmetic  it  should  be  plain  that  the  bursting  pres- 
sure equals 

twice  the  thickness  x  the  ultimate  tensile  strength 
diameter 

This  may  be  simplified  by  using  the  radius  of  the  cylinder 
instead  of  the  diameter.  Then,  as  the  radius  is  one-half 
the  diameter,  the  bursting  pressure  would  be 

the  thickness  x  the  ultimate  tensile  strength 
radius 

Let  T  =  thickness  of  the  shell  of  a  cylinder  or  boiler; 
R  =  internal  radius; 

S=  ultimate  tensile  strength  of  the  material; 
/j=  bursting  pressure; 
/*=  safe  working  pressure. 
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Rule  148. —  To  find  the  bursting  pressure  of  a  cylindrical 
shell,  neglecting  the  weakening  effect  of  ike  seam,  divide  the 
product  of  the  thickness  of  the  shell  and  the  ultimate  tensile 
strength  of  tite  material  by  the  internal  radius. 
TS . 


That  is,  P^  = 


Ji" 


Example. — A  boiler  48  inches  in  diameter  is  built  of  wrought-iron 
plates  .875  inch  thick.  The  iron  having  an  ultimate  tensile  strength 
of  60,000  pounds,  find  the  pressure  at  which  the  boiler  would  be  about 
to  burst,  neglecting  the  weakening  effect  of  the  seam. 

Solution. — Applying  rule  148,  we  have 

.875  X  50.000      „.  „  ,.  .         , 

*  = ^54—^ — -  =  781.25  lb.  per  sq.  in.     Ana. 

753.  The  safe  working  pressure  of  a  marine  boiler  hav- 
ing the  longitudinal  seams  single  riveted  is  fixed  by  law  at  one- 
sixth  the  bursting  pressure  of  a  cylindrical  shell  having  the 
same  dimensions  as  the  boiler. 

Rule  149. —  To  find  the  safe  working  pressure  of  a 
cylindrical  boiler  having  single-riveted  seams,  divide  the 
product  of  the  thickness  of  the  shell  and  the  ultimate  tensile 
strength  of  the  material  by  6  times  the  radius. 

That  is,  ■         /'=I|. 

EXAUPLB. — Find  the  safe  working  pressure  of  the  boiler  given  in 
the  previous  example,  the  longitudinal  seams  to  be  single  riveted. 
Solution. — Applying  rule  140,  we  have 

<^.000_ 
<24 


P  =  — RVai —  ~  P""  ^'  '"■         *■ 


754.  For  boilers  having  double-riveted  longitudinal 
seams,  the  safe  working  pressure  is  %0%  additional  to  that 
allowed  for  single  riveting. 

Rule  150. —  To  find  the  safe  working  pressure  of  a 
cylindrical  boiler  having  double-riveted  longitudinal  seams, 
divide  the  product  of  the  thickness  of  the  shell  and  the  ulti- 
mate tensile  strength  of  the  materialby  5  times  the  radius. 


That  is, 


■  5  J?' 
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strength  of  the  material.  45.000  pounds  per  square  iach.     The  seams 
being  double  riveted,  find  the  safe  working  pressure. 
Solution.— Applying  rule  160,  we  have 

P  =  — ^  -  =  IM  lb.  per  sq.  m.    Ans. 

Rules  148  and  ISO  give  the  safe  working  pressures  al- 
lowed, provided  that  no  rivet  holes  are  punched.  The  rivet 
holes  must  be  drilled ta\r\y\  that  is,  they  must  be  drilled  so 
they  will  match. 

754*1.  The  different  rules  given  in  the  chapter  on 
boiler  construction  conform  with  those  prescribed  by  the 
Board  of  Supervising  Inspectors  of  Steam  Vessels  for  the 
guidance  of  their  inspectors.  A  number  of  the  rules  have 
been  put  into  a  more  convenient  form  in  order  to  simplify 
the  solution  of  examples,  but  in  all  cases  the  result  will  be 
the  same  as  that  obtained  from  using  the  original  rules. 

The  attention  of  the  student  is  called  to  the  fact  that  the 
rules  and  regulations  are  amended  from  time  to  time.  No- 
tices of  the  amendments  appear  in  the  various  technical 
journals  devoted  to  marine  interests.  The  rules  given  are 
from  the  regulations  in  force  March  1,  1900. 

7S4^.  The  rules  and  formulas  governing  the  construc- 
tion of  marine  boilers  given  in  this  volume  apply  only  to 
American  steam  vessels.  Most  foreign  governments  have 
passed  laws  providing  for  the  licensing  of  engineers  and  the 
inspection  of  marine  boilers.  As  might  be  expected,  the  rules 
prescribed  by  foreign  governments  frequently  differ  from 
those  given  in  the  United  States  Statutes.  Students  em- 
ployed on  vessels  under  a  foreign  flag  are  therefore  advised 
to  obtain  copies  of  the  rules  and  regulations  in  force  in  the 
country  in  which  the  vessel  is  registered.  In  Canada  the 
inspection  of  steamboats  and  the  licensing  of  marine  engi- 
neers is  under  the  supervision  of  the  Minister  of  Marine  and 
Fisheries,  Ottawa,  Canada.  In  England  the  British  Board 
of  Trade,  Lond<in,  is  charged  with  the  supervision  of  steam 
vessels.     Students  on  foreign  vessels  should  substitute  the 
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rules  in  force  in  their  respective  countries  for  those  here 
given  when  taking  an  examination  for  a  marine  engineer's 
license.  When  answering  the  questions  in  this  volume,  the 
student  must  use  the  rules  here  given. 

754(r.  When  applying  the  rules  governing  the  con- 
struction of  a  marine  boiler  to  a  boiler  for  the  purpose  of 
determining  the  saffc  working  pressure,  it  is  not  sufficient  to 
merely  calculate  the  pressure  that  would  be  allowed  on  the 
shell.  Since  the  strength  of  a  boiler  is  the  strength  of  its 
weakest  part,  it  is  necessary  to  compute  the  working  pres- 
sures allowable  on  the  different  parts  of  which  the  boiler 
is  composed  by  the  rules  prescribed.  Then,  the  working 
pressure  allowable  on  the  weakest  part  found  will  be  the 
pressure  the  boiler  is  allowed  to  carry.  For  illustration, 
suppose  the  boiler  shell  to  be  safe  for  a  pressure  of  150  pounds 
per  square  inch,  but  that  on  calculating  the  stress  in  the  stay- 
bolts  or  stayrods  it  is  found  that  the  legal  stresses  will  be 
exceeded  with  a  steam  pressure  of  150  pounds.  The  pressure 
would  then  have  to  be  reduced  until  the  stress  per  square 
inch  of  section  of  the  stays  comes  within  the  legal  limit. 
Likewise  if  the  pressure  allowed  on,  say,  the  head  of  the 
steam  drum  falls  befow  that  allowable  on  the  boiler  itself,  it 
will  be  necessary  to  reduce  the  working  pressure, 

EXAMPLES  FOR  PRACTICE. 

1.  Find  the  load  on  a  staybolt,  the  pitch  being  6^  inches  and  the 
steam  pressure  125  pounds.  Ana.  6,281.25  lb. 

2.  Find  the  stress  per  square  inch  of  section  of  a  staybolt  1  inch  in 
diameter,  the  pitch  being  6^  inches  and  the  steam  pressure  120  pounds. 

Ans.  4,821.85  lb.  per  sq.  in. 

3.  What  is  the  stress  per  square  inch  of  section  in  a  patm  stajl 
7  feet  S  inches  long?  The  diameter  of  the  stay  is  3  inches,  the  area 
supported  by  the  stay  is  t56  square  inches,  and  the  steam  pressure 
130  pounds.  The  distance  from  tlie  head  to  the  point  of  intersection 
of  the  center  line  of  the  stay  with  the  shell  is  6  feet  9  inches. 

Ans.  6,620.83  lb. 

4.  A  plate  j  of  an  inch  thick  is  supported  by  staybolts  having  a 
pitch  of  8  inches.     Find  the  working  pressure  allowable. 

Ans.  63  lb.  per  sq.  in. 
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0.  The  pitch  of  the  staybolta  fitted  to  a.  plate  i  inch  thick  is 
7  inches.     Find  the  working  pressure.  Ans.   156.73  lb.  per  sq.  in. 

6.  A  plate  }  of  an  inch  thick  is  titted  with  stayrods  spaced  IS  inches 
center  to  center.  The  plate  is  reenforced  by  double  angle  irons,  the 
legs  of  which  are  4  inches  deep  and  }  of  an  inch  thick.  What  pressure 
would  be  allowed  on  this  plate  ?  Ans.  327.68  lb.  per  sq.  in. 

7.  Find  the  proper  pitch  for  staybolts  stayipg  a  plate  i  inch  thick, 
to  carry  a  working  pressure  of  75  pounds.  Ans.   lO.l  in. 

8.  Find  the  working  pressure  allowed  on  a  plate  i  in.  thick  fitted 
with  stayrods  with  double  nuts,  stayrods  15  inches  center  to  center. 

Ans.  89.6  lb.  per  sq.  in. 

9.  A  furnace  flue  7  feet  long  is  strengthened  by  a  ring  and  flanges 
at  the  middle  of  its  length.  The  diameter  being  41  inches  and  the 
thickness  {  inch,  find  the  working  pressure  allowable. 

Ans.  156.1  lb.  per  sq.  in. 
lU.     If  a  half-round  iron  strengthening  ring  is  employed,  what 
would  be  the  working  pressure  allowable  on  the  flue  in  example  9  7 

Ans.  117.1  lb.  per  sq.  in. 
11.     Find  the  working  pressure  allowable  on  a  corrugated  furnace 
flue  44  inches  mean  diameter  and  |  inch  thick. 

Ans.   198.88  lb.  per  sq.  in. 
13.     What  pressure  would  be  allowed  on  a  Morison  suspension  fur- 
nace flue  i  of  an  inch  thick  and  40  inches  mean. diameter  ? 

■  Ans.   18T.5  lb.  per  sq.  in. 

13.  The  head  of  a  steam  drum  is  bumfied  to  a  radius  of  60  in.  Its 
thickness  being  )  inch  and  its  tensile  strength  QO.OOO  pounds,  find 
(a)  the  pressure  allowable  if  used  as  a  bumped  head  and  single  riveted 
(6)  the  pressure  allowable  if  used  as  a  concaved  head  and  double 
riveted.  j  (J)  208.83  lb.  per  sq. 

"  ( (i)  150  lb.  per  sq.  in 

14.  The  flat,  unstayed  head  of  a  steam  drum  is  23  inches  in  diam- 
eter. Its  thickness  being  t  inch  and  its  tensile  strength  57,000  pounds, 
find  the  working  pressure  allowable.  Ans.  158.78  lb.  per  sq. 

16.  Find  the  working  pressure  allowed  on  a  boiler  shell  06  inches 
in  diameter  and  .21  inch  thick.  Longitudinal  seams  are  single  riveted. 
The  tensile  strength  of  the  material  is  45,000  pounds. 

Ans.  47.72  lb.  per  sq, 

16.  Find  the  working  pressure  allowed  if  the  longitudinal  seam 
the  boiler  in  example  15  are  double  riveted.      Ans.  57.27  lb,  per  sq. 

17.  Find  the  bursting  pressure  of  the  same  boiler,  leaving  the 
strength  of  the  seam  out  of  consideration.      Ans.  288.36  lb.  per  sq. 
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FITTINGS  OF   MARKNB   BOILERS. 

7SS.  The  fittings  of  a  marine  boiler  are  ;  The  safety 
valve ;  the  steam  gauge ;  the  gauge-cocks  and  glass  water 
gauge;  the  fusible  plugs;  the  bottom  and  surface  blow-off 
cocks;  the  manhole  and  handhole  plates;  the  main  and 
donkey  feed  check-valves;  the  steam  pipe  and  stop  valve; 
the  steam  pipe  and  stop  valve  to  the  hold;  the  donkey 
valve.;  the  furnace  fittings,  such  as  the  grate-bars,  bearing 
bars,  bridge,  furnace  front ;  furnace  doors  and  ash-pit  doors; 
the  front  connection;  .uptake  and  smokestack,  including  the 
smokestack  damper. 

Other  appliances  used  in  connection  with  marine  boilers 
are  the  steam  drum;  the  dry  pipe;  the  superheater;  the 
steam  chimney,  and  the  separator. 


SAFETY  VALVES. 
766>  A  safety  valve  is  a  device  used  to  prevent  the 
steam  within  the  boiler  from  exceeding  a  certain  pressure. 
This  is  accomplished  by  the  steam  overcoming  the  down- 
ward force  on  the  valve  and  opening  a  passage  for  the  steam 
to  escape  through  into  the  atmosphere.  The  valve  remains 
open  sufficiently  long  to  reduce  the  steam  to  a  somewhat 
lower  pressure.     This  relieves  the  boiler. 


FORMS  OF  SAFETY  VALVES. 

757.  A  common  lever  safety  valve,  as  applied  to 
boilers  of  steam  vessels,  is  shown  is  Fig.  195.  The  lower 
end  of  the  casing  A  communicates  with  the  boiler,  and  is 
bored  out  to  receive  the  gun-metal  bushing  B.  This  bush- 
ing is  secured  to  the  casing,  its  upper  edge  d  being  cham- 
fered, and  forming  the  seat  for  the  valve  V.  Four  arms  on 
the  inside  of  the  bushing  support  the  boss  6',  which  is  bored 
out  central  with  the  seat,  and  forms  a  guide  for  the  lug  on 
the  lower  face  of  the  valve.  Attached  to  the  upper  end  of 
the  valve  is  the  stem  ..S",  passing  through  a  gun-metal  bush- 
ing in  the  bonnet  yV  and  guided  at  its  upper  end  by  a 
bushing  in  the  yoke  V.     The  stem  is  slotted  below  the  yoke 
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and  above  the  bonnet,  and  is  provided  with  knife-edge 
bearings  for  the  lever  i;  this  lever  having  its  fulcrum  at 
the  upper  end  of  the  link  /  pivoted  at  a.  A  weight  I*' is 
placed  at  a  certain  distance  from  the  fulcrum;  this  weight 
acts  upon  the  valve  stem,  and,  consequently,  presses  the 
valve  to  its  seat,  forming  the  resistance,  or  downward  force, 
which  the  steam  acting  upon  the  under  side  of  the  valve  has 
to  overcome.  On  the  steam  pressure  reaching  a  certain 
point,  it  will  balance  the  downward  force,  and  a  slight 
increase  of  the  steam  pressure  will  cause  the  valve  to  lift 


P:o.  110, 

from  its  seat,  thus  forming  an  annular  opening  through 
which  the  steam  escapes  into  the  passage  P,  and  thence 
through  a  pipe  (not  shown  in  the  figure)  into  the  atmos- 
phere. As  the  steam  pressure  becomes  less,  a  point  is  soon 
reached  at  which  the  downward  force  balances  the  steam 
pressure,  and  on  the  pressure  becoming  still  further  reduced, 
the  valve  closes.  A  small  drain  pipe  should  be  fitted  to  the 
casing  just  above  the  valve  seat,  to  carry  away  any  water 
that  may  collect,  and  which,  by  its  weight,  would  add  to 
the  external  load  on  the  valve. 

758.  A  dead-weight  safety  valve  is  shown  in  Pig. 
19G.  In  this  construction  the  external  load  on  the  valve  is 
formed  by  cast-iron  or  leaden  weights  W,  IV,  piled  upon  a 
plate  P  attached  to  the  valve  stem.  The  action  of  this 
valve  under  pressure  is  the  .same  as  that  of  the  valve  pre- 
viously described.  Attached  to  the  upper  end  of  the  valve 
stem   S,    by  means  of  the  cotter  C,  and   fitting  the   stem 
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loosely,  is  a  crown  cap,  or  hood  D,  provided  with  two  rings 
cast  upon  it,  and  also  with  a  handle.  The  depth  of  the 
slot  in  the  stem  5,  which 
works  in  a  bush  F  fixed  in 
the  cover,  is  such  that  the 
valve  can  move  upwards  a 
certain  distance  without 
lifting  the  hood,  while  the 
hood  can  not  be  raised  with- 
out raising  the  valve  with 
it.  By  means  of  the  forked 
lever  L  the  valve  can  be 
lifted  and  its  freedom  of 
action  tested.  The  handle 
attached  to  the  hood  is  for 
the  purpose  of  turning  the 
valve  around  on  its  seat  oc- 
casionally, thus  crushing 
any  scale  or  other  sediment 
that  may  lodge  upon  it,  fto.  im. 

759*  A  spring -loaded  safety  valve  is  illustrated  in 
Fig.  197.  The  external  load  is  that  due  to  the  compression 
of  the  coiled  spring  T.  By  means  of  the  threaded  bushing 
G  the  tension  of  the  spring  can  be  regulated  by  screwing 
the  bushing  up  or  down,  thus  providing  a  simple  method 
of  adjusting  the  downward  force  to  the  pressure  at  which 
the  valve  is  to  open.  The  hood  D,  which  fits  loosely  on 
the  upper  part  of  the  bonnet  or  casing  B,  is  keyed  to  the 
valve  stem  5  by  means  of  the  cotter  C,  in  which  is  the 
padlock  hole  d.  The  hood,  and,  consequently,  the  valve, 
may  be  lifted  by  means  of  the  lever  L.  At  the  same  time 
the  valve  is  at  liberty  to  open  without  lifting  the  lever. 
■  The  bushing  G,  which  is  provided  with  a  locknut  G' ,  forms 
a  guide  for  the  upper  end  of  the  valve  stem.  When  the 
steam  pressure  lifts  the  valve  off  its  seat,  the  spring  is  com- 
pressed; this  increases  the  resistance  of  the  spring,  and  so 
increases  the  force  acting  downwards  upon  the  valve.     This 
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prevents  the  valve  from  lifting  any  higher,  and  gives  but  a 
limited  area  for  the  steam  to  escape.  To  overcome  the 
increasing  resistance  of  the 
spring,  the  so-called  pop 
safety  valve  has  been  de- 
signed, and  has  superseded 
at  present  all  other  forms  of 
spring- loaded  safety  valves, 

760.     A   pop   valve  is 

shown  in  Fig.  198.  A  gun- 
metal  bushing  B  is  fitted  to 
the  lower  end  of  the  valve 
casing  A.  The  bushing  is 
threaded  and  fitted  with  a 
movable  ring  R  of  the  cross- 
section  shown  in  the  figure. 
A  threaded  bushing  G,  pro- 
vided with  a  locknut  and 
forming  a  guide  for  the 
valve  stem  S,  is  used  to  ad- 
just the  external  load  on 
the  valve.  An  annular  re- 
Fio.  iw.  cess  r  is  cut  into  the  face 

of  the  valve  V.  The  other  parts  C,  d,  D,  L,  and  7",  are  the 
same  as  in  Fig.  107.  Upon  the  steam  pressure  lifting  the 
valve,  the  steam  flows  through  the  opening  between  the 
valve  and  its  seat  and  through  the  annular  passage  b  b 
into  the  casing,  and  thence  into  the  atmosphere.  Its 
free  escape  being  somewhat  restricted  by  the  narrow  pas- 
sage b  b,^>  slight  pressure  accumulates  under  the  face  of 
the  valve,  and  this  pressure  acting  upon  the  increased 
surface  presented,  causes  the  valve  to  open  promptly 
and  allows  the  steam  to  escape  freely.  This  additional 
pressure  can  be  adjusted  by  raising  or  lowering  the  ring 
R,  thus  reducing  or  increasing  the  area  of  the  passage 
b  b.  The  less  the  area  of  this  passage,  the  faster  the  pres- 
sure will  accumulate  and  the  higher  the  valve  will  lift;  con- 
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versely,  the  larger  the  area  of  the  passage,  the  slower  will 
the  pressure  accumulate,  and  the  longer  will  be  the  time 
required  for  the  full 
opening  of  the 
valve,  A  pop  valve 
closes  very  prompt- 
ly, thus  preventing 

an     undue     loss    of  ^ 

steam.  ' 

The  use  of  the  first 
two  safety  valves 
described  is  confined 
almost  exclusively 
to  vessels  navigat- 
ing still  waters. 

761.     As  before 
mentioned    in    Art. 
756,  a  safety  valve 
is    intended    to    re- 
lieve a  boiler  of  all 
the    surplus    steam 
generated.     To    ac- 
complish this  object, 
this  valve  must  have 
a    certain     area     of 
opening,   and    this 
area  is  fixed  by  the 
rules    and   regula- 
tions of  the  Board  of  no.  im 
Supervising  Inspectors  of   Steam  Vessels  to  be,   for  lever 
safety  valves,  at  least  1  square  inch  to  every  2  square  feet 
of  grate  surface  of  the  boiler  to  which  the  valve  is  attached. 
For  spring-loaded  safety  valves  constructed  so  as  to  give 
an  increased  lift  by  the  operation  of  steam  after  being  raised 
from   their    seats,   or  any  spring-loaded    safety  valve    con- 
structed in  any  other  manner,  or  so  as  to  give  an  effective 
area  equal  to  the  first  mentioned  spring-loaded  valve,  the 
U.  Jtf.     ;.— 25 
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area  of   opening  must  be  at  least  1  square  inch  to  every 
3  square  feet  of  grate  surface. 

All  spring-loaded  safety  valves  for  water-tube,  coil,  and 
sectional  boilers  required  to  carry  a  steam  pressure  exceed- 
ing 175  pounds  per  square  inch,  must  have  an  area  of  not 
less  than  one  square  inch  to  every  six  square  feet  of  grate 
surface  of  the  boiler. 

Note. —The  term  "area  of  opening"  refers  to  the  area  correspond- 
ing to  the  internal  diameter  of  tiie  valve.  The  term  "effective  area" 
always  refers  to  the  area  of  the  annular  opening  between  the  valve  and 
its  seat,  through  which  the  steam  escapes  upon  the  valve  being  raised. 

762<  The  safety  valves  of  a  battery  of  boilers  must  be 
arranged  in  such  a  manner  that  each  boiler  shall  have  one 
separate  safety  valve,  unless  the  arrangement  is  such  as  to 
preclude  the  possibility  of  shutting  off  the  communication 
of  any  boiler  with  the  safety  valve  or  valves  employed.  This 
al&o  applies  to  safety  valves  provided  with  an  attachment 
preventing  any  but  an  authorized  person  to  increase  the 
downward  force  on  the  valve.  A  valve  constructed  in  such 
a  manner  is  known  as  a  lock-up  safety  valve.  Referring 
to  Figs.  197  and  198,  if  a  padlock  were  attached  to  the  cot- 
ter C  a,t  d,  the  cotter  could  not  be  withdrawn  unless  the 
padlock  were  removed  first;  and  as  the  hood  D  covering 
the  adjusting  bushing  can  not  be  removed  without  with- 
drawing the  cotter,  nobody  but  the  person  having  the  key 
of  the  padlock  can  adjust  the  compression  of  the  spring. 

763.  All  spring-loaded  safety  valves  must  be  provided 
with  a  lever  that  will  raise  the  valve  from  its  seat  a  distance 
of  not  less  than  one-eighth  the  diameter  of  the  valve  open- 
ing. The  seats  of  any  size  of  safety  valve  used  on  a  marine 
boiler  must  have  an  angle  of  inclination  to  the  center  line 
of  45  degrees.  The  area  of  opening  of  the  connection  be- 
tween the  safety  valve  and  the  boiler  must  be  at  least  equal 
in  area  to  the  area  of  the  valve. 

The  foregoing  rules  apply  to  all  safety  valves  used  on 
e  boilers. 


764.     Very  often  one  lock-up  safety  valve  is  provided 
for  every  common  safety  valve.     The  valves  (two  or  more 
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in  number)  are  usually  placed  on  a  separate  fitting,  shown 

of  at  A,  Fig.  199.     This  fitting  may  be  attached  to  the  shell 

of  the  boiler  or  the 

shell  of   the  steam 

drum.   It  avoids  the 

necessity  of  cutting 

a  separate   hole   in 

the   shell    for  each 

valve.    B  and  Care 

the    safety    valves, 

and   b   and   c  their 

respective   escape 

pipes     leading    the 

steam  blown  off  to 

the    main   escape 

pipe.     The    drain 

pipes  b',  c'  prevent  the  accumulation  of  water  in  the  valve 

casing. 

No  safety  valve  can  open  without  a  slight  increase  of 
pressure  above  what  it  is  set  for;  since,  in  order  to  lift  the 
valve,  the  pressure  on  the  under  side  of  the  valve,  which  we 
may  call  the  internal,  or  upward,  force,  must  exceed  the 
external,  or  downward,  force  on  the  valve  plus  the  friction  of 
the  mechanism  of  the  valve.  If  the  internal  and  the  ex- 
ternal forces  upon  the  valve  are  equal,  the  valve  will  be  in 
equilibrium  (balanced),  and  an  increase  of  the  internal  force 
will  cause  it  to  open.  A  safety  valve  will  not  close  until 
the  pressure  has  been  reduced  somewhat  below  the  pressure 
at  which  the  valve  opened. 


CALCULAXIONS  RELATING  TO   SAFETY  VALVES. 

765.  The  point  at  which  a  safety  valve  will  blow  off 
depends  upon  the  external  force  upon  the  valve.  To  be  in 
equilibrium,  the  external  load  exerting  a  downward  pressure 
upon  the  valve  must  be  equal  to  the  internal  force  exerting 
an  upward  pressure  on  the  under  face  of  the  valve.  Evi- 
dently, the  upward  pressure  is  equal  to  the  area  of  the  valve 
multiplied  by  the  pressure  per  unit  of  area. 
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Whenever  the  word  "  pressure  "  is  used  in  relation  to  cal- 
culations pertaining  to  safety  valves,  the  Kaufce  pressure 
is  meant,  unless  otherwise  stated. 


766.  Suppose  we  have  a  dead-weight  safety  valve,  as 
shown  in  Fig.  196,  having  a  diameter  of  4  inches  and  an  ex- 
ternal load  or  force  consisting  of  the  valve  and  stem,  the 
supporting  plate  and  the  weights,  equal  to  815,8  lb.  It  is 
desired  to  know  the  pressure  at  which  the  valve  will  open. 
Since  the  internal  and  external  forces  must  balance,  it  is 
evident  that  815.8  =  4'  X  .7854  X  steam  pressure  in  pounds 
per  sq.  in. 

From  this  we  get  jj WmI  ~  ^^  '^'  ^^  ^^' '""'  "^^""'y. 

the  pressure  at  which  the  valve  is  about  to  open. 

In  the  leversafety  valve  shown  in  Fig.  195,  the  external  load 
depends  upon  the  position  of  the  weight  fKon  the  lever  /,. 
Here  the  same  general  law  holds  good ;  the  external  and  the 
internal  forces  must  be  equal  before  the  valve  is  about  to 
open.  The  internal  force,  as  stated  before,  is  the  area  of 
the  valve  times  the  steam  pressure.  The  downward  force 
upon  the  valve  may  be  found  as  follows:  Suppose  we  place 
the  weight  P,   Fig.  200,  weighing  100  pounds,  directly  on 


M' 


ZL 


top  of  the  valve  stem  C.  Evidently,  the  downward  force  is 
now  equal  to  the  weight  of  the  weight  P.  Suppose,  now,  that 
the  weight  is  removed  to  the  position  shown  in  the  figure, 
the  weight's  distance  d  from  the  fulcrum  being  6  times 
greater  than  the  distance  a  from  the  fulcrum  to  the  center 
line  of  the  valve.  Evidently,  the  effect  of  the  weight  on  the 
valve  stem  will  now  be  six  times  greater;  that  is,  the  down- 
ward force  will   be  6  X  100  =  600  pounds.     Hence,  to  find 


.dby'Google 


STEAM   AND   STEAM  BOILERS.  371 

the  downward  force,  we  divide  the  distance  d  by  the  dis- 
tance a,  and  multiply  the  quotient  by  the  weight  of  the 
weight  P. 

As  the  valve  and  stem  have  a  certain  weight,  the  external 
force  is  increased  an  amount  equal  to  that  of  the  weight  of 
the  valve  and  stem  in  pounds.  Furthermore,  the  lever  has 
a  certain  weight,  and  this,  acting  at  the  center  of  gravity 
of  the  lever,  adds  a  certain  amount  to  the  downward  force. 
This  amount  is  equal  to  the  product  of  the  distance  from  the 
fulcrum  of  the  lever  to  its  center  of  gravity  and  the  weight 
of  the  lever,  divided  by  the  distance  from  the  fulcrum  to  the 
center  line  of  the  valve. 

The  distance  to  the  center  of  gravity  of  the  lever  may  be 
found  by  balancing  the  lever  on  a  knife  edge  and  measuring 
the  distance  from  the  center  of  the  fulcrum  to  the  knife 
edge.  If  this  should  not  be  feasible,  the  center  of  gravity 
must  be  found  by  calculation.  In  engineers'  examinations, 
the  lever  is  usually  given  as  straight  and  parallel,  in  which 
case  the  distance  from  the  fulcrum  to  the  center  of  gravity 
of  the  lever  should  be  taken  as  equal  to  one-half  the  length 
of  the  lever. 

The  amount  of  the  downward  force  on  the  valve  due  to 
the  weight  of  the  lever  may  be  found  directly  by  attaching 
a  spring  balance  by  a  cord  to  the  lever  at  the  point  at  which 
it  acts  upon  the  valve  stem.  The  spring  balance  will  indi- 
cate the  correct  downward  force  in  pounds. 

Now,  to  have  the  valve  balance,  the  area  of  the  valve 
times  the  steam  pressure  (the  upward  force)  must  equal  the 
weight  times  the  distance  from  the  fulcrum  to  the  weight 
divided  by  the  distance  from  the  fulcrum  to  the  center  line 
of  the  valve;  to  this  downward  force  must  be  added  the  ad- 
ditional downward  force  due  to  the  weight  of  the  valve, 
stem  and  lever,  the  sura  of  these  two  downward  forces  con- 
stituting the  external  force, 

767.  How  to  find  the  pressure  per  square  inch  at  which 
a  safety  valve  is  about  to  blow  off,  may  best  be  explained 
by  the  following  example:     Suppose  we  have  a  safety  valve 
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of  the  following  dimensions:  Let  the  area  of  the  valve  be 
12,566  sq.  in. ;  the  distance  from  the  fulcrum  to  the  center 
line  of  the  valve,  4  in. ;  the  weight  is  to  weigh  135.2  lb. ;  the 
length  of  the  lever,  between  fulcrum  and  weight,  is  to  be 
30  in,;  the  weight  of  the  valve  and  stem,  9.2  lb.,  and  the 
downward  force  due  to  the  weight  of  the  lever,  as  found  by 
one  of  the  three  methods  previously  explained,  150  lb.  From 
what  has  been  explained  above,  it  should  be  clear  that 
the  valve  balances,  or  is  in  equilibrium,  if  the  steam  pressure 
X  12.566  =  135,2  X  36-^  4  +  9.2  +  150,  That  is,  the  steam 
pressure  x  12.566  =1,376. 

From  arithmetic,  it  should  be  plain  that 
1,376 
'  12.566  ■ 
Let  A  =  the  area  of  the  valve  in  square  inches; 

D  =  the  distance  from  the  center  line  of  the  valve  to 

the  fulcrum,  measured  in  inches; 
L  =  the  distance  of  the  weight  from  the  fulcrum  in 

inches ; 
P=  the  steam  pressure  in  pounds  per  square  inch; 
IV  =  the  weight  in  pounds  of  the  load  or  weight  on 

the  lever; 
w  =  the  weight  of  the  valve  and  stem  in  pounds  plus 
the  downward  pressure  due  to  the  weight  of  the 
lever. 
Rule  151. —  To  find  the  pressure  at  which  a  safety  valve  is 
about  to  blow  off,   multiply  the  ^veight  by  the  length  of  the 
lever  and  divide  this  product  by  the  distance  from  the  fulcrum 
to  the  center  line  of  the  i>alve.      To  the  quotient  add  the  down- 
ward pressure  on  the  valve  due  to  the  weight  of  the  valve, 
stem,  and  lever,  and  divide  the  sum  by  the  area  of  the  valve. 
WL   , 
That  is,  P=  ~^^-;j . 

Example, — The  area  of  a  lever  safety  valve  is  11  square  inches;  the 
distance  from  the  center  line  of  valve  to  the  fulcrum,  4^  inches;  the 
distance  of   the  weight  from  the  fulcrum,  85  inches;   its  weight,  13S 
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pounds;  the  weight  of  valve  and  stem  plus  the  downward  pressure 
due  to  the  weight  of  the  lever  equals  187  pounds.     Find  the  pressure 
per  square  inch  at  which  the  valve  is  about  to  open. 
Solution.— Applying  the  rule  just  given,  we  have 

P  =  —--—^ =  I00.S41b.  persq.  in.    Ana. 

To  explain  how  to  find  where  a  given  weight  must  be 
placed  on  the  lever  in  order  that  the  safety  valve  may  be 
about  to  blow  off  at  a  given  pressure,  we  will  take  the 
example  previously  made  use  of  in  the  beginning  of  this 
article.  The  pressure  was  found  to  be  109.5  lb.  per  sq.  in. ; 
hence,  the  total  upward  force  is  103.5  X  12.56(i  =  1,375.977, 
say  1,370  pounds.  This  force  is  partially  balanced  by  the 
weight  of  the  valve  and  stem,  and  the  downward  force  due 
to  the  weight  of  the  lever.  Consequently,  the  total  upward 
force  =  1,370  — {160  +  9.3)  =  1,316.8  pounds,  is  to  be  bal- 
anced by  the  downward  force.  As  the  downward  force,  as 
previously  explained,  is  the  weight  times  the  length  of  the 
lever  divided  by  the  distance  from  the  fulcrum  to  the  center 
line  of  the  valve,  it  should  be  plain  that  the  valve  will  be  in 

.,.,    .               ■■(,«■,„  o      135.2  X  the  length  of  lever 
equilibrium  agam  if  1,316.8  = j-^ . 

That  is,  1,316,8  =  33.8  X  the  length  of  lever. 

_  1,316-8 

33.  S 

Rule  152. —  To  find  the  distance  from  the  fulcrum  to  the 

point  at  which  the  weight  must  aet  in  order  to  haz'c  the  valve 

blo7u  off  at  a  given  pressure,  subtract  the  downward  force  due 

to  the  weight  of  the  valve,  stem,  and  lever  from  the  product 

of  the  area  and  the  steam  pressure.     Multiply  the  remainder 

by  the  distance  from  the  fulcrum  to   the  center  line  of  the 

valve  and  divide  this  product  by  the  tveight. 

That  is,  lMI--^. 

Example. — At  what  distance  from  the  fulcrum  must  a  weight  of 
ISO  pounds  act  in  order  that  the  valve  may  be  about  to  blow  oR  at 
130  pounds  pressure;  the  diameter  of  the  valve  being  3J  inches;  the 
distance  from  the  fulcrum  to  the  center  line  of  the  valve  4^  inches,  and 
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the  downward  force  due  to  the  weight  of  valve,  stem,  and  lever 
125  pounds  ? 

Solution.— Applying  the  rule  just  given,  we  get,  sloce  area  = 
(8J)'  X  .7854  =  11.04  sq.  in., 

i  =  <i5_»ixiS-J?a><±?,a,.s,,„.   A„s. 

768.  Suppose  it  is  desired  to  find  the  weight  which  must 
be  placed  on  a  lever  to  have  the  valve  blow  off  at  a  given 
pressure: 

Using  the  example  given  in  the  beginning  of  Art.  767, 
the  unbalanced  upward  force,  as  previously  found,  is 
1,310.8  pounds. 

The  valve  then  will  balance  if  l.aiC.8  = '^^'^*''^  ^  ^^; 
that   is,    if   1,816.8  =  weight  X  9;  whence,   the   weight  = 

1,216.8       ,„^  -  . 

— - —  =  136.2  pounds. 

Rule  153. —  To  find  the  weight  which  must  act  on  a  lever 
at  a  given  distance  from  the  fulcrum  so  that  the  valve  is 
about  to  blow  off  at  a  gi'i'cn  pressure,  subtract  the  downward 
force  due  to  the  weight  of  the  %'alve,  stem,  and  lei'er  from  the 
product  of  the  area  and  the  steam  pressure.  Multiply  the 
remainder  by  the  distance  f ran  the  fulcrum  to  the  center  line 
of  the  valve,  and  divide  this  product  by  the  distance  from,  the 
fulcrum  at  which  the  weight  is  to  act. 

That  is,  ^=<Ai!^. 

Example. — A  safety  valve  has  the  following  dimensions  :  Area  of 
the  valve,  15.7  square  inches;  length  of  lever,  48  inchcK;  distance  from 
fulcrum  to  center  line  of  the  valve,  5  inches;  the  downward  force  due 
to  the  weight  of  the  valve,  stem,  and  lever  is  182  pounds.  Find  the 
weight  if  the  valve  is  about  to  blow  off  at  64  pounds  pressure. 

Solution. — Applying  rule  153,  we  get 

_(l,'i.7x84-182)X 
48 


W=^  .L,  -■■  =  85.71  lb.     Ans. 


Note. — The  student  should  thoroughly  familiarize  himself  with  the 
calculations  pertaining  to  lever  safety  valves,  as  a  candidate  for  a 
marine  engineer's  license  must  be  rfjectcd  by  the  examining  inspect- 
ors should  he  fail  to  solve  safety-valve  problems  similar  to  those  given 
in  the  examples  in  this  course. 
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Spring- loaded  and  pop  safety  valves  are  adjusted  under 
pressure  by  comparison  with  an  accurate  steam  gauge,  and 
no  rules  are  required  by  which  to  calculate  the  point  at 
which  they  will  blow  off. 

eXAHPLES  FOB  PRACTICE. 

1.  A  dead-weight  safety  valve  having  an  area  of  13  square  inches  is 
to  be  on  the  point  of  blowiog  off  at  75  pounds  pressure,  absolute;  find 
the  weight.  Ans.  723.8  lb. 

3.  Wliat  area  of  safety-valve  opening  is  required  for  a  water-tube 
boiler  carrying  steam  at  180  pounds  pressure,  the  grate  surface  being 
48  square  feet  ?  Ans.  8  sq.  in. 

8.  At  what  pressure  will  a  safety  valve  of  the  following  dimensions 
blow  off:  Area  of  valve,  10  square  inches;  distance  from  the  valve  to 
the  fulcrum,  3  inches:  length  of  lever  (the  distance  from  the  fulcrum 
to  the  pioint  where  the  weight  acts),  30  in. ;  weight  of  the  weight, 
83.1  pounds;  weight  of  valve  and  stem,  5  pounds;  weight  of  lever, 
12  pounds;  total  length  of  lever,  88  in,?  The  lever  to  be  straight  and 
parallel.  Ans.  DO  lb. 

4.  Suppose  all  the  quantities  to  remain  the  same  as  in  the  last 
example,  except  that  the  valve  is  to  blow  off  at  75  pounds  pressure. 
At  what  distance  from  the  fulcrum  must  the  weight  be  placed  ? 

Ans.  34.0Bin. 

0.     All  quantities  remaining  the  same  as  in  example  8,  except  that 

the  valve  is  to  blow  off  at  83  pounds  pressure,  find  the  weight  that 

must  be  placed  on  the  lever.  Ans.  75.1  lb. 


STEAM  GAUGES. 

769.     The  steam  Kauce  indicates  the  pressure  of  the 

steam  contained  in  the  boiler.  The  most  common  form  is 
the  Bourdon  pressure  gauget  Fig.  201.  It  consists  of  a 
tube  a,  of  elliptical  cross- sect  ion,  which  is  filled  with  water 
and  connected  zX.b  with  a  pipe  leading  to  the  boiler.  The 
two  ends  c  are  closed  and  are  attached  to  a  link  which  is  in 
turn  connected  with  a  rack  e.  This  rack  gears  with  a 
pinion /"on  the  index  pointer^.  When  the  water  contained 
in  the  elliptical  tube  is  subjected  to  pressure,  the  tube  tends 
to  take  a  circular  form,  and  the  tube  as  a  whole  straightens 
out,  throwing  the  free  end  out  a  distance  proportional  to 
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the  pressure.     The  movement  of  the  free  end  is  transmitted 


to  the  pointer  by  the  link,  rack,  and  pinion,  and  the  pressure 
is  thus  recorded  on  the  graduated  dial. 

770.  Mercurial  gauses,  in  which  a  column  of  mercury 
was  forced  up  into  a  closed  glass  tube  by  the  steam  pressure 
compressing  the  air  above  the  mercury,  were  formerly  used, 
but  were  superseded  by  a  gauge  of  the  construction  shown 
in  Pig.  201,  and  which  is  called  a  metallic,  or  dial,  gauge. 

771.  Steam  gauges  are  placed  where  they  are  imme- 
diately within  sight  of  the  man  in  charge  of  the  boiler,  but 
out  of  reach  of  rough  usage. 

The  steam  pipe  for  the  gauge  is  generally  connected  to  the 
top  of  the  boiler,  sometimes  to  the  steam  drum,  and,  in  some 
instances,  the  gauge  is  placed  on  top  of  the  water  column. 
A  so-called  ttlphon  should  be  placed  directly  under  the 
gauge.  This  siphon  is  formed  by  carrying  the  steam  pipe 
to  a  lower  level  than  the  gauge  and  then  bending  it  up- 
wards, thus  forming  a  U  which  is  filled  with  water  to  pre- 
vent the  heat  of  the  steam  from  injuring  the  spring  and  the 
other  mechanism  of  the  gauge,  or  distorting  its  action  by 
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the  expansion  of  its  parts.  A  small  drip  cock,  shown  at  d 
in  Fig.  203,  is  fitted  to  the  lowest  point  of  the  "  siphon  "  and 
serves  to  let  the  water  out  of  the  leg  of  the 
siphon  connected  with  the  boiler.  If  no 
cock  were  fitted,  the  water  accumulating  in 
this  leg  by  the  condensation  of  the  steam 
would,  by  its  weight,  cause  the  gauge  to  in- 
dicate a  higher  pressure  than  that  due  to 
the  steam. 

By  means  of  the  cock  shown  at  a  the  steam  | 
may  be  shut  off  from  the  gauge.  When  the  " 
vessel  is  under  way,  it  will  be  noticed  that 
the  pointer  of  the  steam  gauge  vibrates  con- 
siderably. This  is  due  to  the  vibration  of 
the  vessel  caused  by  the  motion  of  the 
machinery,  and  may  be  prevented  by  clos- 
ing the  cock  a  partially.  Great  care  must 
be  taken  not  to  shut  it  entirely. 

772.  The  pointer  of  a  steam  gauge  will  stick  occasionally, 
and  it  is  customary  to  jar  the  gauge  slightly  before  accept- 
ing its  indication  as  correct.  Steam  gauges  require  testing 
occasionally,  as  the  spring  will  lose  its  elasticity  in  the  course 
of  time.  They  are  tested  by  comparison  with  an  accurate 
test  gauge,  both  gauges  being  attached  to  the  same  vessel 
in  which  the  pressure  is  raised  by  a  small  force  pump.  The 
Board  of  Supervising  Inspectors  of  Steam  Vessels  requires 
all  boilers  or  sets  of  boilers  used  on  steam  vessels  to  have 
attached  to  them  at  least  one  gauge  that  will  correctly  in- 
dicate a  pressure  of  steam  equal  to  80  per  cent,  of  the 
hydrostatic  pressure  applied  by  the  Inspectors. 


GAUGB-COCKS  AND  GLASS  WAT^R  GAUGES. 

773.  In  order  to  be  able  to  tell  whether  the  water 
within  the  boiler  is  at  its  proper  level,  valves  or  cocks,  called 
gauEe-cocks,  are  employed. 

Three  gauge  cocks  (7,  b,  c,  are  shown  in  Fig,  SO:!,  screwed 
into  the  front  head  of  a  Scotch  boiler. 
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The  middle  gauge-cock  b  is  at  the  proper  water  level, 
generally  about  8  or  9  inches  above  the  top  of  the  combus- 
tion chamber. 

The  lower  gauge-cock  c  is  about  5  inches  below  the  middle 
cock,  and  the  top  gauge-cock  a  5  inches  above  it.     Should  the 


top  gauge-cock  be  opened  while  the  boiler  is  steaming,  steam 
will  issue  from  it.  On  opening  the  middle  gauge-cock,  a 
mixture  of  water  and  steam  will  issue,  and  pure  water  will 
come  out  of  the  lowest  cock.  When  gauge-cocks  are  fitted 
in  the  position  shown  in  the  figure,  a  drip  pan  D  is  fitted 
below  the  cocks  to  prevent  the  water  from  the  cocks  coming 
in  contact  with  the  head  of  the  boiler  and  corroding  and 
dirtying  it.  The  nozzles  of  the  cocks  are  placed  in  such  a 
direction  that  the  jet  of  steam  or  water  issuing  from  one 
cock  can  not  strike  the  one  below  it  and  scald  the  attendant. 
Gauge-cocks  are  often  placed  on  a  separate  fitting,  consist- 
ing of  a  hollow  tube  with  its  ends  connecting  with  the  steam 
and  water  spaces  of  the  boiler,  sufficiently  below  and  above 
the  water  level  to  be  out  of  reach  of  the  violent  ebullition 
going  on  at  the  surface  of  the  water.  If  the  cocks  are  con- 
nected directly  to  the  head  or  the  side  of  the  boiler,  this 
violent  ebullition  may  cause  the  gauge-cocks  to  indicate  a 
wrong  water  level. 


GLASS  nrATER  GAUGRS. 

774.  Glass  water  gauges  are  usually  fitted  to  the  boilers 
in  addition  to  the  gauge-cocks,  and  frequently  the  gauge- 
cocks,  steam  gauge,  and  glass  water  gauge  are  mounted  on 
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one  fitting.     The  whole  arrangement,  which  is  known  as  a 

water  column,  is  shown  in  Fig.  201.     The  top  and  bottom 

ends  of  the  column  A,  which 

is  simply  a  cast-iron  tube,  are 

connected  to  the   steam   and 

water  space  of  the  boiler  by 

the  pipes  BandC,  respectively. 

Fitted  to  this  column  are  the 

gauge-cocks  a,  a,  a-.    Attached 

to  the  top  of  it  is  the  steam 

gauge  S.     It  will  be  noticed 

that  a  siphon   different  from 

the  one  previously  described  is 

used  below  the  steam  gauge. 

No  drip  cock  needs  to  be  fitted 

to  this  kind  of  siphon,  as  no 

water  can  collect  and  disturb 

the  indication  of   the  gauge. 

The  construction  of  the  glass 

water    gauge    is    as    follows: 

Two  fittings  6,   b,   which  are 

provided  with  cocks  e,  e,  are 

screwed  into  the  water  column. 

These   fittings   connect    with 

the  top  and  bottom  of  a  glass 

tube  f   open    at    both   ends,  i 

Each  fitting  is  provided  with  a 

stuffing-box  rf  to  make  a  steam 

and  water-tight  joint  between 

the  fitting  and  the  glass  tube.  fig.  aw. 

To  the  lower  fitting  a  drain  cock^,  provided  with  a  waste 

pipe,  is  attached.     This  cock  is  used  to  empty  the  glass  tube. 

The  water  column  is  attached  to  the  boiler  at  such  a  height 

that  the  water,  when  at  its  proper  level,  will  show  in  the 

middle  of  the  glass  tube.     It  will  be  seen  that  the  water 

level  in  this  case  is  self-indicating,  and  always  in  plain  sight 

of  the  attendant.     The  communication  of  the  tube  with  the 

steam  and  water  may  be  shut  off  by  means  of  the  cocks  e,  e. 
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in  case  the  tube  breaks.  The  drain  cock  g  may  be  used  to 
test  the  working  of  the  glass  water  gauge.  Should  the 
water  in  the  glass  tube  fail  to  return  immediately  to  its  for- 
mer level  upon  closing  the  drain  cock,  it  would  show  that 
the  lower  fitting  or  pipe  connection  was  choked  with  sedi- 
ment or  scale,  and  that  the  gauge  could  not  be  relied  upon 
until  the  obstruction  was  removed.  Should  the  water  fail 
to  leave  the  gauge  glass  upon  opening  the  drain  cock,  or 
leave  It  very  slowly,  it  would  show  the  upper  fitting  or  pipe 
connection  to  be  choked,  .provided,  however,  the  waste 
pipe  is  not  choked.  To  clean  the  passages  of  the  fittings, 
they  are  provided  with  a  removable  cleaning  plug,  shown 
at  c. 

77B.  Glass  water  gauges  are  often  attached  to  the  boiler 
directly;  in  that  case,  the  same  objection  that  was  pre- 
viously shown  to  exist  with  gauge-cocks  attached  to  the 
boiler  directly,  applies  with  equal  force  to  the  glass  water 
gauge. 

The  use  of  glass  water  gauges  is  optional,  but  of  gauge- 
cocks,  compulsory.  The  rules  and  regulations  of  the  Board 
of  Supervising  Inspectors  of  Steam  Vessels  provide  that  all 
steam  vessels  having  one  or  two  boilers  shall  have  three 
gauge-cocks  in  each  boiler.  Those  having  three  or  more 
boilers  in  a  battery  shall  have  three  gauge-cocks  in  each  out- 
side boiler,  and  two  in  each  remaining  boiler  in  the  battery, 
and  the  middle  gauge-cocks  in  all  boilers  shall  not  be  less 
than  four  inches  above  the  top  of  the  flues,  tubes,  or  crown 
of  the  fire-box. 

FUSIBLE  PLUGS. 
776.  A  fuHlble  plug  is  shown  in  Fig.  205.  It  con- 
sists of  a  brass  shell  /'screwed  into  the  highest  part  of  the 
boiler  exposed  to  the  fire  and  projecting  about  two  inches 
above  the  sheet  to  which  it  is  fitted.  A  plug  A'  made  of 
pure  Banca  tin  and  covered  by  a  thin  copper  cap  S  is  held  in 
place  by  a  brass  nut  6'^  screwed  over  the  shell.     The  bottom 
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of  this  plug  is  exposed  to  the  fire.  When  the  water  is  at  its 
proper  level  in  the  boiler,  the  plug  is  about  7  inches  below 
the  water  level,  and  its 
melting  is  prevented  by  the 
water  above  it.  Should  the 
water  become  low  within 
the  boiler,  it  will  uncover 
the  plug,  but  still  leave  a 
sufficient  quantity  of  water 
above  the  sheet  to  prevent 
its  getting  overheated.  The 
heat  of  the  fire  will  then 
melt  the  plug,  and  the 
steam  will  blow  the  copper 
cap  out  and  rush  into  the  kjg.  aw. 

furnace,  thus  giving  timely  warning  to  the  attendant. 
The  copper  cap  prevents  the  water  from  coming  in  con- 
tact with  the  plug,  thus  preventing  any  chemical  changes 
in  the  material  of  Which  the  plug  is  composed.  The 
rules  and  regulations  of  the  Board  of  Supervising  In- 
spectors provide  that  all  steam  vessels  shall  have  plugs 
of  Banca  tin  inserted  in  their  boilers,  at  least  one-half  inch 
in  diameter  at  the  smallest  end  of  the  internal  opening. 
These  plugs  must  be  inserted  in  the  following  manner:  In 
fire-box  boilers  one  plug  must  be  inserted  in  the  crown  of 
the  back  connection,  or  in  the  highest  fire  service  of  the 
boiler.  All  upright  tubular  boilers  used  for  marine  purposes 
must  have  one  plug  inserted  in  one  of  the  tubes  at  a  point  at 
least  two  inches  below  the  lowest  gauge-cock,  or  said  plug 
may  be  placed  in  the  upper  head  sheet  if  deemed  advisable 
by  the  inspector.  All  fusible  plugs  must  have  an  external 
diameter  not  less  than  that  of  a  one-inch  gas  or  steam  pipe 
screw  tap,  except  when  such  plugs  are  used  in  the  tubes  of 
upright  boilers,  when  they  may  have  an  external  diameter 
equal  to  that  of  a  g-inch  gas  or  steam  pipe  screw  tap.  All 
plugs  used  must  conform  in  construction  with  plugs 
authorized  to  be  used  by  the  Board. 
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BLOW-OFF    APPARATUS. 

777.  In  order  that  a  boiler  may  be  emptied  either  par- 
tially or  entirely,  a  cock  called  the  bottom  blow-ofi*  cock 

1  is  attached  by  a  short  pipe  to  the  low- 
est point  of  the  boiler  and  is  connected 
with  a  waste  pipe  discharging  over- 
board. Fig.  206  shows  the  manner  in 
which  this  cock  is  often  constructed. 

The  shell  A  of  the  cock  is  provided 
with  two  rectangular  passages  B  B", 
I  and  has  fitted  to  it  a  taper  plug  P, 
pierced  by  the  trapezoidal  hole  b. 
The  upper  end  of  this  plug  is  cylin- 
drical and  somewhat  smaller  in  diam- 
eter than  the  shell,  thus  leaving  a 
space  for  the  insertion  of  packing. 
With  the  plug  in  the  position  shown 
in  the  figure,  communication  between 
the  passages  B  and  B'  is  shut  off, 
but  on  the  cock  being  given  a  quarter 
turn,  the  hole  b  in  the  plug  will  be 
Pio.  aw.  brought  in  line  with  the  passages  B 

and  B',   thus  allowing  the  steam  or  liquid  in  one  passage  to 
pass  to  the  other,  and  from  thence  to  its  destination. 

A  cock  in  which  the  passages  are  directly  opposite,  like 
in  the  one  shown,  is  called  a  stralgbt-way  cock.  If  the 
passages  are  at  an  angle  to  each  other,  the  cock  is  called  an 
anfflc  cock. 

The  upper  end  of  the  gland  G  forms  a  cap,  which  is  bored 
out  large  enough  to  admit  the  body  of  the  spanner,  or  key, 
K,  and  is  provided  with  a  slot  S,  clearly  shown  in  the  plan 
view,  in  such  a  position  that  in  removing  the  spanner  from 
the  square  end  of  the  plug,  the  tongue  /  of  the  spanner  can 
not  pass  through  the  slot  5  unless  the  cock  is  fully  closed. 
It  is  the  custom  in  American  steam  vessels  to  put  this 
spanner  in  the  care  of  the  engineer  on  watch  or  in  charge, 
thus  preventing  any  person  but  himself,  or  a  person  author- 
ized by  him,  from  opening  the  blow-off  cock.     After  closing 
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the  cctck,  the  spanner  is  removed  and  returned  to  the 
engineer. 

Of  late  years  the  use  of  cocks  has  been  gradually  aban- 
doned, the  tendency  being  to  substitute  gate  valves  or  globe 
valves,  both  for  the  bottom  and  the  surface  blow-ofl. 

778.  The  waste  pipe,  or  blow-off  pipe,  connects  with  an 
angle  cock  attached  to  the  side  of  the  vessel.  The  con- 
struction of  this  cock  is  similar  to  the  one  attached  to  the 
boiler.  When  it  is  desired  to  blow  the  boiler  off,  this  cock 
is  opened  first,  and  then  the  cock  attached  to  the  boiler; 
this  operation  is  reversed  when  the  boiler  has  been  emptied 
or  blown  out  sufficiently. 

Should  the  waste  pipe  break  while  the  boiler  is  blowing  off, 
or  at  any  other  time,  the  water  from  the  sea  could  flow  into 
the  ship  if  no  cock  were  fitted  to  the  ship's  side.  It  will  thus 
be  seen,  that  the  fitting  of  this  cock  is  merely  a  precautionary 
measure.     A  pipe  F  (see  Fig.  207)  with  one  end  of  it  form- 


s. 

ZEL 


ing  a  scoop  or  ladle  G,  extends  into  the  boiler  at  such  a 
height  that  the  scoop  is  about  3  inches  below  the  proper 
water  level.     This  pipe  is  attached  to  an  angle  cock  bolted 
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to  the  boiler;  the  cock  has  a  waste  pipe  connected  with  the 
bottom  blow-off  pipe,  between  the  bottom  blow-off  cock  and 
the  cock  on  the  aide  of  the  vessel.  This  cock,  attached  near 
the  surface  of  the  water  in  the  boiler,  is  known  as  the  sur- 
face blo^w-o^  cock,  or  scum  cock.  It  is  used  to  remove 
the  grease  and  oil  and  other  impurities  floating  on  the  sur- 
face of  the  water.  The  ladle  at  the  end  of  the  pipe  serves 
merely  as  a  funnel  for  the  collection  of  these  impurities. 
Sometimes  a  trough  is  fitted,  running  across  or  from  the 
front  to  the  back  of  the  boilers,  having  the  surface  blow-ofF 
connected  to  the  bottom  of  the  trough.  The  ordinary  ar- 
rangement of  the  blow-off  apparatus  is  clearly  shown  in 
Fig.  207.  At  A  the  surface  blow-off  cock  is  shown;  its  waste 
pipe  B  connects  to  the  waste  pipe  C  of  the  bottom  blow-off 
cock  D.    The  water  discharges  overboard  through  the  cock  £. 

MANHOLES   AND    HANDHOLES. 
779.     Fig.  308  shows  a  common  construction  of  a  man- 
hole and  its  cover.     An  elliptical  hole  is  cut  into  the  head  or 


shell  of  the  boiler,  its  size  being  such  that  it  will  admit  the 
body  of  an  ordinary  man.  A  wrought-iron  or  steel  ring  R, 
called  a  compensation  ring,  is  riveted  to  the  plate  P,  gener- 
ally on  the  outside,  for  the  purpose  of  strengthening  the 
piate,  which  is  weakened  considerably  by  the  cutting  of  such 
a  large  hole  through  it.  A  cover  Af,  made  of  wrought-iron 
or  steel,  is  fitted  to  the  hole,  inside  of  the  boiler,  and  is  pro- 
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vided  with  two  studs  V,  Krivetedtoit.  This  cover  is  flanged 
and  overlaps  the  edges  of  the  plate  about  one  inch  or  more 
all  around  its  perimeter.  A  yoke  Mis  slipped  over  each 
stud,  its  two  extremities  resting  on  the  end  of  the  compen- 
sation ring.  A  ring  O,  or  gasket,  as  it  is  commonly  called, 
made  of  sheet  rubber  or  any  other  pliable  water-proof 
material,  is  placed  between  the  plate  and  the  cover  and 
serves  to  make  a  water-tight  joint. 

780.  Manholes  are  made  elliptical  to  allow  the  cover  to 
be  passed  through  the  hole.  The  smallest  diameter  of  the 
cover  is  somewhat  less  than  the  largest  diameter  of  the  man- 
hole, thus  allowing  the  cover  to  pass  freely  through  the 
manhole.  It  is  then  turned  one-quarter  around  inside  of  the 
boiler,  the  gasket  placed  on  the  flange  and  put  in  position. 
Sometimes  a  flanged  compensation  ring  is  riveted  to  the  in- 
side of  the  boiler,  as  shown  in  Fig.  209,  and  sometimes  the 


plate  itself  is  flanged  inwardly  and  faced  on  its  edge.  The 
cover  is  also  faced  and  carefully  fitted  to  it,  thus  making  a 
"metallic  joint."  The  rules  and  regulations  of  the  Board  of 
Supervising  Inspectors  provide  that  all  manholes  for  the 
shell  of  the  boilers  shall  have  an  opening  not  less  in  diameter 
than  11  X  15  inches  in  the  clear,  except  that  boilers  less  than 
34  inches  diameter  of  shell  shall  have  a  clear  opening  in  the 
manholcsof  not  less' than  9X141  inches;  all  boiler  shells  be- 
tween 34  and  38  inches  diameter  shall  have  an  opening  not  less 
than  9  X  16  inches,  and  all  boiler  shells  between  38  and  iS 
inches  in  diameter  an  opening  not  less  than  11  X  15J  inches. 
Handholes  are  small  elliptical  holes  cut  into  boilers  to  allow 
removal  of  dirt  or  sediment.  Their  construction  is  the  same 
as  that  of  manholes,  except  that  but  one  stud  and  yoke  is 
fitted  to  the  cover. 
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MAIN   AND  DONKEY   FEED  CHECK-VALVES. 

781.  A  common  construction  of  a  feed  check-valve  is 
shown  in  Fig.  210.     It  consists  of  a  body  or  casing  A  bored 

out  at  the  lower  end  to  re- 
ceive the  gun-metal  bush- 
ing B  forming  the  seat,  and 
a  guide  for  the  valve  V, 
I  which  is  provided  with  four 

wings,  as  shown.  The  feed- 
pipe is  bolted  to  the  flange 
shown  at  C,  while  the  pas- 
sage D  connects  with  the 
boiler.  When  water  flows 
through  the  feed-pipe  into 
the  passage  C,  It  raises  the 
valve  and  flows  through  the 
annular  opening  between 
the  valve  and  seat  into  pas- 
sage D,  and  thence  through 
Fio.  sio.  ,       ,  ,  . 

a  stop-valve  (not  shown  in 

the  figure)  into  the  boiler.  The  valve  Fallows  the  water  to 
pass  only  in  one  direction;  should  the  directitm  of  the  flow 
of  the  water  be  reversed,  the  valve  will  return  to  its  seat 
and  shut  off  communication  with  the  passage  C.  A  valve 
constructed  in  such  a  manner  as  to  allow  any  liquid  to  pass 
through  it  in  one  direction  only  is  called  a  check-valve. 
By  means  of  the  screw  S  the  height  of  the  lift  of  the  valve 
can  be  regulated,  thus  increasing  or  diminishing  the  quantity 
of  water  passing  through  the  valve.  The  object  of  this 
arrangement  will  he  explained  in  the  chapter  on  feed  appa- 
ratus. The  screw  .V  is  commonly  made  of  Muntz  metal,  to 
prevent  corrosion. 

782.  The  check-valve  fitted  to  the  main  feed-pipe  is 
called  the  main  check-valve,  and  the  one  fitted  to  the 
auxiliary  feed-pipe  is  called  the  auxiliary,  or  donkey 
check-valve.  The  donkey  check-valve  does  not  differ  in 
any  respect  from  the  main  check-valve ;  it  is  merely  so  named 
from  its  location. 
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STEAM  PIPE  AND  STOP-VALVE. 

the;  btop-valve. 

783.  The  steam  generated  in  the  boiler  is  carried  to  its 
destination  by  the  steam  pipe.  This  pipe  is  provided  with 
a  stop-valve,  the  construction 

of  which  is  shown  in  Fig.  211. 

A  cast-iron  casing  or  body  A 

is  bolted  to  a  nozzle  riveted 

to  the  boiler  or  steam  drum. 

The  lower  part  of  the  casing 

is  fitted  with  the  gun-metal 

ring  B,  forming  the  seat  for 

the  valve  V,  which  is  guided 

by   wings   as   shown   in   the 

figure.      The  hand  wheel  H 

is  fixed  on  the  end  of  the  valve 

stem  S,  which  works  inside  a 

brass  nut  screwed  into   the 

yoke  of  the  bonnet  or  cover 

C;    the    valve    stem    passes 

through   the   stuffing-box 

(with  its  gland  and  neck  ring 

as  shown),  and  is  so  attached  ^"^-  *"■ 

to  the  valve  Kthat  the  latter  can  be  raised  or  lowered  without 

turning  round  when   the   valve  stem   is  revolved   by   the 

wheel  H.     To  prevent  any  movement  of  the  brass  nut  in 

the  yoke,  it  is  locked  in  position  by  means  of  a  small  pin 

shown  at  D,  which  passes  through  the  yoke  and  nut.     The 

steam  pipe  is  bolted  to  the  flange  F.     When  the  valve  is 

raised  the  steam  flows  through  the  annular  opening  between 

the  valve  and  the  seat,  and  thence  into  the  steam  pipe. 

EXPANSION  JOINTS. 

784.  Where  more  than  one  boiler  is  used  on  a  steam 
vessel,  all  boilers  are  connected  by  short  branch  steam  pipes 
to  one  large  pipe  called  the  main  steam  pipe.  Each 
boiler  is  provided  with  a  stop  valve,  by  means  of  which  the 
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communication  of  the  boiler  with  the  main  steam  pipe  may 
be  shut  off,  if  desired.  The  main  steam  pipe  is  also  provided 
with  a  stop-valve  close  to  the  engine,  for  the  purpose  of 
shutting  off  all  communication  of  the  steam  with  the  engine. 
As  the  heat  of  the  steam  expands  the  metal  of  which  the 
main  steam  pipe  is  composed,  and,  consequently,  increases 
its  length,  means  must  be  provided  by  which  this  increase  in 
length  may  be  taken  into  account.  This  is  usually  accom- 
plished by  means  of  the  expansion  joint  shown  in.  Fig,  312. 


A  is  the  body  into  which  the  brass  bushing  B  is  forced. 
Into  the  latter  is  fitted  a  sliding  tube  C.  Packing  is  placed 
in  the  stuffing-box  D,  and  is  held  in  position  by  the  gland  £, 
the  gland  being  screwed  down  by  means  of  bolts,  one  of 
which  is  shown  in  dotted  lines.  The  packing  is  put  in  to 
prevent  the  leakage  of  steam,  F,  F  are  studs  fitted  with 
nuts  and  check  nuts,  and  limit  the  amount  of  movement  of 
the  sliding  tube  C.  The  flanges  G  and  H  are  bolted  to  the 
flanges  of  the  pipe;  consequently,  when  the  pipe  expands, 
the  body  A  of  the  expansion  joint  is  forced  to  the  left,  and 
the  sliding  tube  C  to  the  right,  and  when  the  pipe  contracts 
they  are  forced  in  opposite  directions.  A  small  drain  pipe, 
not  shown  in  the  figure,  is  usually  fitted  to  the  lowest  point 
of  the  body  A,  and  is  provided  with  a  stop-cock.  This  pipe 
is  used  to  drain  the  water  formed  by  condensation  of  the 
steam  from  the  joint.  If  no  provision  is  made  for  carry- 
ing off  this  water,  it  will  soon  corrode  the  body,  unless 
it  be  made  of  brass  or  gun  metal,  as  is  sometimes  the 
case. 
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78S.     Slip  joints  are  used  where 
straight  line  of  large  pipe  has  to  be 
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great  many  instances  expansion  may  be  provided  for  by 
bending  the  pipes  in  the  manner  shown  in  Fig,  213,  the 
figure  illustrating  the  arrangement  of  the  steam  pipes  of 
the  steamship  Yumuri.  There  are  six  boilers  standing 
athwartship,  provided  with  steam  drums.  Attached  to  the 
top  of  the  drums  are  the  stop-valves  A,  A^,  A^,  etc.  The 
steam  pipes  B,  B^  are  bent  to  the  shape  shown,  and  increase 
in  length  by  merely  bending  the  pipes.  Expansion  between 
A,  and  W„  and  A^  and  A^  is  provided  for  by  the  slip  joints 
C  and  C,.  Each  battery  has  a  separate  main  steam  stop- 
valve,  shown  at  D  and  Z?,.  The  two  branch  mains  join  at 
£,  from  whence  the  main  steam  pipe  /^  leads  to  the  engine. 
Fig.  213  also  shows  the  general  arrangement  of  the  safety- 
valve  escape  pipes.  At  a,  b,  c,  d,  e,  and  _/",  the  safety  valves 
are  shown,  a',  b',  c',  d ',  /,  and  /'  being  their  respective  escape 
pipes  which  deliver  into  the  main  escape  pipe  //.  Steam 
pipes  are  usually  made  of  copper,  each  section  being  pro- 
vided with  flanges,  by  means  of  which  the  different  sections 
are  bolted  together.  Wrought-iron  pipes  are  sometimes 
employed  for  the  smaller  sizes,  and,  lately,  welded  steel 
pipes  have  been  used,  especially  in  naval  vessels.  Copper 
pipes  are  sometimes  strengthened  by  winding  them  with 
one  or  more  layers  of  square  steel  wire,  their  weak  spot 
generally  being  the  brazed  joints.  Cast  iron  was  formerly 
very  extensively  used  for  steam  pipes,  but,  owing  to  numerous 
accidents  due  to  the  treacherous  nature  of  the  metal,  it  has 
been  superseded  by  copper,  wrought-iron,  and  steel  pipes. 
Steam  pipes  are  generally  covered  with  some  non-heat- 
conducting  material. 

DONKBV  VALVES. 

786.  As  the  donkey  boiler  is  used  only  when  the  vessel 
is  in  port,  the  steam  required  to  work  the  auxiliary  machin- 
ery at  sea  must  be  taken  from  the  main  boiler  or  boilers, 
and  this  is  done  by  connecting  one  of  the  main  boilers,  where 
several  are  used,  with  the  main  steam  pipe  leading  to  the 
auxiliary  machinery.  The  pipe  connecting  the  boiler  with 
this  steam  pipe  is  provided  with  a  stop- valve  similar  in  con- 
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struction  to  the  steam  stop-valve  previously  described.  This 
stop-valve  is  known  as  the  donkey  valve.  Attached  to 
one  of  the  boilers,  or  sometimes  to  the  main  steam  pipe,  is 
a  pipe  leading  to  the  whistle.  A  stop-valve,  known  as  the 
whistle  valve,  is  fitted  to  this  pipe  and  serves  to  admit 
steam  to  the  whistle. 


FIRE  APPARATUS. 

787.  Connected  to  the  main  steam  pipe  or  to  one  of  the 
main  boilers  is  a  pipe  with  branches  leading  to  the  different 
compartments  of  the  vessel,  each  branch  having  a  separate 
stop-valve.  Usually,  all  the  branches  are  connected  to  one 
fitting,  called  a  manifold,  shown  in  Fig.  214.     In  case  of 
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fire  in  any  of  the  compartments  of  the  vessel,  the  compart- 
ment is  closed,  and  steam  from  the  boilers  is  led  to 
the  burning  compartment  by  the  pipes  mentioned  above, 
the  steam  driving  out  the  air,  and  thus  smothering  the 
fire. 

The  rules  and  regulations  of  the  Board  of  Supervising 
Inspectors  of  Steam  Vessels  provide  that  these  pipes  shall 
not  be  less  than  IJ  inches  in  diameter,  except  on  steamers 
employed  on  Western  rivers,  where  the  branch  pipes  must 
not  be  less  then  three-quarter  inch  diameter.  Each  branch 
pipe  must  be  supplied  with  a  stop-valve,  the  handle  of  which 
must  be  marked  to  indicate  the  compartment  or  part  of  the 
vessel  it  leads  to,  and,  if  feasible,  the  whole  arrangement  is 
to  be  enclosed  in  a  suitable  box  and  plainly  marked  "fire 
apparatus. " 
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FURNACE  FITTINGS. 

788.  The  furnace  fittings  of  a  marine  boiler  are  shown 
in  Fig.  215.  A  furnace  front  A,  made  of  cast  iron,  is  fitted 
to  the  front  of  the  furnace.  It  is  held  in  position  by 
studs  screwed  into  the  head  of  the  boiler.  A  fire  door  B  is 
fitted  to  the  furnace  front.  It  is  generally  made  of  the 
shape  shown,  and  is  about  IS'  X  15'  in  size.  A  bafile  plate 
i  is  attached  to  the  doors  by  means  of  long  bolts,  distance 
pieces  b'  made  of  iron  pipe  serving  to  keep  the  plate  in 
place.  This  baffie  plate  increases  the  durability  of  the  fire 
door  and  prevents  to  some  extent  the  radiation  of  heat,  as 
it  absorbs  most  of  the  radiant  heat  of  the  burning  fuel,  and 
thus  prevents  its  coming  in  contact  with  the  fire  door.  The 
fire  door  is  often  provided  with  a  small  hinged  door  B'  to 
allow  the  slice  bar  to  be  pushed  into  the  furnace  and  the  fire 
treated  without  opening  the  fire  door.  The  inrush  of  cold 
air  which  always  accompanies  the  opening  of  the  door 
proper  is  thus  avoided.     Means  for  admitting  air  above  the 


grate  are  often  provided.  The  fire  door  may  be  perforated 
and  supplied  with  a  suitable  arrangement  by  which  the 
admission  of  air  may  be  regulated.  The  baffle  plate  i  may 
also  be  perforated  to  aid  the  distribution  of  the  air.  The 
lower  end  of  the  furnace  front  forms  what  is  known  as  the 
dead  plate,  extending  clear  across  the  furnace. 

The  grate,  which  is  generally  made  in  two  sections,  C,  C, 
is  composed  of  cast-iron  grate  bars,  supported  by  a  bearing 
bar  D  in  the  center  of  the  furnace,  and  by  the  dead  plate 
and  the  bridge  bar  £  at  their  other  ends.  The  grate  bars 
are   generally  made   from  3'  to  3'  6'  in  length,  a  greater 
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len^h  being  awkward  to  handle.  In  order  to  facilitate  the 
access  of  air,  the  fall  of  ashes,  and  the  cleaning  of  the  fire 
from  below,  they  are  made  somewhat  thinner  at  the  bottom. 
The  usual  dimensions  are:  Width  on  top,  }';  width  on  bot- 
tom, I' ;  depth  in  the  center,  about  3'.  They  are  provided 
with  distance  pieces  cast  in  one  with  the  bar  at  both  ends, 
and  sometimes  also  in  the  center.     These  keep  the  bars  apart. 

789.  The  opening  between  the  bars  varies  somewhat 
with  the  kind  of  coal  burned ;  it  is  from  -^'  to  }',  a  soft, 
bituminous  coking  coal  requiring  the  larger  space.  The 
grate  is  usually  placed  lower  at  the  back  of  the  furnace,  the 
inclination  being  about }'  for  each  foot  of  length  of  the  grate. 
This  facilitates  cleaning  and  also  permits  free  access  of  the 
air  to  the  back  of  the  grate.  The  bridge  f  is  built  up  of 
fire-brick  on  a  bearing  bar  of  the  cross-section  shown.  Its 
object  is  to  retard  the  escape  of  the  gases  from  the  furnace, 
and  thus  promote  a  more  perfect  combustion.  The  distance 
from  the  top  of  the  bridge  to  the  top  of  the  furnace  varies 
from  yy  to  16'.  The  best  height  is  determined  by  actual 
trial,  as  it  depends  upon  the  intensity  of  the  draft,  the 
thickness  of  the  lire,  the  kind  of  coal  used,  and  the  quantity 
of  air  admitted.  Roughly  speaking,  the  area  over  the 
bridge  is  equal  to  ^  the  area  of  the  grate.  The  cast-iron 
bar  on  which  the  bridge  is  built  is  attached  to  brackets 
made  of  angle  iron  riveted  or  secured  by  studs  to  the  side 
plates  of  the  combustion  chamber.  The  lower  half  of  the 
furnace  flue,  that  is,  the  part  below  the  grate  which  forms 
the  ash  pit,  is  usually  lined  with  sheet  iron.  Sometimes  a 
thin  coating  of  cement  is  applied.  A  baffle  plate  G  is 
secured  by  tap  bolts  to  the  bridge  bar  £  and  prevents  the 
free  access  of  air  to  the  combustion  chamber.  Sometimes 
this  plate  is  perforated,  as  in  some  cases  it  is  of  advantage 
to  admit  air  behind  the  bridge.  As  will  be  explained  in  the 
section  on  combustion,  if  insufhcient  oxygen  is  mixed  with 
the  fuel,  incomplete  combustion  will  result.  But  by  mixing 
oxygen  with  the  products  of  combustion,  after  they  have 
left  the  furnace  proper,  and  while  they  are  still  in  a  red-hot 


.dbyGoogle 


391 


STEAM   AND   STEAM  BOILERS. 


state,  complete  combustion  can  be  obtained.  Sheet-iron 
ash-pit  dampers  are  usually  provided  for  the  furnaces. 
They  are  not  attached  to  the  furnace,  but  are  kept  in  a  con- 
venient place  until  required,  when  they  are  merely  placed 
in  position,  two  hooks  riveted  to  the  dampers  serving  to 
keep  them  in  place.  A  wrought-iron  bar  H  extends  across 
the  furnace,  about  12'  below  the  dead  plate.  This  bar 
serves  as  a  rest  for  the  fire  tools  when  cleaning  the  grates  or 

ash  pit.  — 

FRONT  CONNECTION  AND  SMOKESTACK. 
7©0.  The  products  of  combustion,  after  leaving  the 
furnace,  pass  through  the  combustion  chamber  into  the 
tubes  and  thence  into  the  front  connection.  This  is  made 
of  suitable  shape,  for 
instance,  as  shown  in 
Fig.  216,  and  is  built 
up  of  sheet  iron 
about  ^'  thick.  It 
is  provided  with  a 
large  door  A  which 
is  fitted  with  a  baffle 
plate  B  to  prevent 
radiation.  This  door 
gives  access  to  the 
tubes  and  front  tube- 
sheet. 
.  The  front  connec- 
tion is  usually  at- 
tached to  angle  irons 
C,  C,  bent  to  the  re- 
quired shape  and  se- 
cured to  the  head  of 
the  boiler  either  by 
studs  or  by  riveting, 
Thefront  connection, 
the  uptake,  and  the  smokestack  are  usually  made  with  an 
air  casing  around  them;  that  is,  they  are  made  double, 
leaving   an   air   space   of   about   3'  or   more   between   the 
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inner  and  the  outer  plates.  The  lower  end  of  the  smoke- 
stack is  steadied  by  a  cast  or  wrought  iron  ring  secured 
to  the  upper  deck  ot  the  vessel.  The  top  of  the  smoke- 
stack is  steadied  by  guy  ropes,  usually  wire  ropes,  which 
may  be  tightened  by  means  of  turnbuckles.  The  area 
of  the  uptake  should  not  be  less  than  the  combined 
area  of  all  the  tubes  discharging  into  it.  A  damper  is 
always  fitted  in  the  smokestack.  The  simplest  construction 
of  a  damper  is  shown  in  Fig,  217.     A  shaft  A  carried  in  two 


bearings,  one  at  each  side  of  the  stack,  has  riveted  to  it  a 
flat  wrought-iron  plate  B,  elliptical  in  shape,  fitting  loosely 
into  the  stack.  A  lever  C  is  keyed  to  one  end  of  the  shaft, 
and  provided  with  an  endless  chain  leading  to  the  engine 
room,  by  means  of  which  it  may  be  opened  or  closed,  thus 
increasing  or  decr.asing  the  area  of  opening  of  the  stack, 
and,  hence,  regulating  the  draft.  The  chain  passes  over 
rollers  £,  F,  G,  and  H,  and  is  connected  to  a  lever  D,  work- 
ing on  a  stud  d.  A  sector  /,  provided  with  holes,  serves  to 
keep  the  lever  in  position,  a  pin  -t  being  inserted  into  a  hole 
in  the  lever  and  a  hole  in  the  sector.  With  this  arrange- 
ment the  damper  is  not  affected  by  the  rolling  or  pitching 
of  the  vessel.  _    .     .  .    _ 
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SUPERHEATERS. 

791.     A  Buperhe»tcr  is  shown  in  Fig.  218.     It  consists 

of  a  cylindrical  shell  5,  having  a  number  of  large  tubes  7",  T 

passing  through  it.     It  is  usually  fitted  into  the  uptake  or 


the  base  of  the  smokestack,  and  is  provided  with  a  safety 
valve  shown  at  B,  and  braced  in  the  same  manner  as  a 
boiler.  It  is  used  for  drying  the  steam  on  its  passage  from 
the  boilers  to  the  engine.  This  is  done  by  the  hot  gases  of 
combustion  passing  through  the  tubes  and  around  the  shell, 
thus  heating  the  steam  in  the  superheater  above  the  temper- 
ature due  to  its  pressure.  A  drain  pipe  C  is  provided.  The 
steam  enters  the  superheater  through  the  pipe  A  and  leaves 
it  through  the  pipe  A'. 

792.  The  connection  to  the  boiler  is  made  in  the  follow- 
ing manner:  The  steam  pipes  A,  A'  (see  Fig.  21'J)  leading 
from  the  several  boilers  are  all  joined  to  the  pipe  A'  con- 
nected to  the  bottom  of  the  superheater.  The  steam  enters 
the  superheater  /  through  this  pipe  and  passes  out  at  the 
top  in  the  main  steam  pipe  G.  Should  it  be  desired  to  dis- 
pense with  the  use  of  the  superheater,  it  may  be  done  by 
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opening  the  valve  Con  the  by-pass  pipe  Z>,  and  closing  the 
valves  E  and  F.     At  H  the  safety  valve  is  shown. 

By  means  of  these  valves  the  superheated  and  the  satu- 
rated steam  may  be  mixed,  if  so  desired.     This. is  done  by 


opening  the  three  valves,  when  part  of  the  steam  will  pass 
through  the  by-pass  pipe  and  part  through  the  superheater, 
the  superheated  and  saturated  steam  mixing  in  the  main 
steam  pipe.  The  superheated  steam  will  have  a  tempera- 
ture but  little  less  than  that  of  the  gases  of  combustion,  say 
about  650°  F.,  and  this  high  temperature  would  soon  dry 
out  the  packing  used  about  the  engine  and  carbonize  the 
oil  used  for  lubricating  the  cylinder.  To  avoid  this  the 
superheated  and  saturated  steam  are  often  mixed  in  the 
manner  just  described,  the  superheated  steam  expending 
part  of  its  heat  in  drying  the  saturated  steam.  The  tem- 
perature of  the  mixture  will  thus  be  reduced  considerably, 
and  dry  steam  furnished  to  the  engine.  The  ratio  of  the 
heating  surface  of  the  superheater  to  the  heating  surface  of 
the  boilers  is  generally  made  about  1 :  10. 

793.  Superheaters  of  the  shape  shown  in  Fig.  218  have 
not  found  much  favor  in  the  United  States.  The  steam 
Gblmney,  shown  in  Pig.  230,  is  used  instead.  This,  in  ef- 
fect, is  nothing  but  a  jacket  surrounding  the  smokestack 
at  its  base.  The  steam  enters  the  steam  chimney  through 
the  stop-valve  A,  is  superheated  by  coming  in  contact  with 
the  inner  lining  of  the  steam  chimney,  which  is  heated  by 
the  hot  gases  of  combustion,  and  passes  to  its  destination 
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through  the  main  steam  pipe  B.  As  usually  arranged,  the 
steam  chimney  can 
not  be  shut  off,  but 
all  the  steam  on  its 
passage  to  the  engine 
must  pass  through 
the  steam  chimney. 
It  is  braced  by  stay- 
bolts  of  suitable  size 
and  pitch,  and  must 
be  provided  with  its 
own  safety  valve, 
3  which  is  shown  at  C; 
also,  a  drain,  shown 
at  a,  by  means  of 
which  it  may  be 
emptied  of  all  the 
water  formed  by  the 
condensation  of  the 
steam.  To  allow  of 
inspection  and  re- 
pair, it  is  provided 
with     one    or    more 

manholes,  according  to  the  size,  one  of  which  is  shown  at  nt. 


STEAM  DRUM  AND  DRY  PIPES. 
794.  A  steam  drum  is  a  cylindrical  vessel  connected  to 
the  boiler  by  one  or  more  passages,  and  placed  on  top  of 
the  boiler  to  increase  the  steam  space  and  also  to  prevent 
priming.  It  is  supposed  that  by  taking  the  steam  from  the 
boiler  at  a  considerable  height  above  the  water  level,  the 
steam  will  be  drier.  Where  steam  drums  are  used,  the 
steam  pipe  is  connected  to  the  drum,  and  often  the  safety 
valves  are  placed  on  top  of  it.  Lately,  the  use  of  steam 
drums  has  been  almost  abandoned  in  favor  of  a  so-called 
dry  pipe.  This  is  a  pipe  provided  with  a  number  of  slots, 
or  perforations,  shown  at  a,  a,  etc.,  in  Fig.  221.     It  is  placed 
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side  the  boiler  at  the  highest  point,  and  is  supported  at 
e  ends  by  iron  straps  b  6,  bolted  to  the  boiler  shell.     It  is 


connected  to  the  steam  pipe  in  such  a  manner  that  the  steam 
can  only  enter  the  steam  pipe  by  passing  through  the  slots, 
the  ends  of  the  pipe  being  closed.  The  combined  area  of 
the  slots,  or  perforations,  in  the  dry  pipe  is  usually  made 
equal  to  that  of  the  steam  pipe  connected  to  it.  A  small 
hole  should  be  drilled  into  the  bottom  of  the  pipe  to  allow 
any  water  entering  the  dry  pipe  to  drain  out  of  it. 

SEPARATORS. 

705.  A  separator  is  an  apparatus  designed  to  remove 
the  entrained  water,  or  the  oil,  dirt,  or  other  impurities 
from  a  current  of  steam  flowing  through  a  pipe.  When  the 
separator  is  intended  to  free  the  steam  from  water  simply,  it 
is  placed  on  the  main  pipe  leading  from  the  boiler  to  the 
p-ngine,  and  as  close  as  possible  to  the  latter.  When  it  is 
desired  to  remove  the  grease  and  dirt  from  the  exhaust 
steam  before  condensing  it  and  feeding  it  back  to  the  boiler, 
the  separator  is  placed  in  the  exhaust  pipe  leading  from 
the  engine  to  the  condenser. 

796.  The  Stratton  separator  is  .shown  in  Fig.  322.  It 
consists  of  a  chamber  with  a  steam  iulet  and  outlet,  and  con- 
taining a  vertical  pipe  a.  Steam  enters  by  the  inlet  c,  and 
is  deflected  by  a  curved  partition,  which  gives  it  a  spiral 
motion  about  the  pipe  ii.  The  particles  of  water  or  oil  are 
thrown  off  by  centrifugal  action,  and  run  down  tlie  walls  to 
the  bottom  of  the  chamber.  The  steam  passes  up  through 
the  pipe  ii  and  out  of  the  outlet  <^  in  a  practically  dry 
condition.  The  separator  is  provided  with  a  drip  pipe  A  for 
n.  M.   i.—rt 
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the  removal  of  the  water,  and  a  gauge  glassy.  The  wings  ^, 
b  are  four  in  number,  and  are  for 
the  purpose  of  destroying  the  cen- 
trifugal efEect  of  the  steam  after 
it  has  reached  the  bottom  of  the 
separator.  They  likewise  offer  ad- 
ditional surface  for  the  water  par- 
ticles to  adhere  to.  Were  it  not 
for  these  wings,  the  steam  would 
keep  up  its  rotative  motion  while 
passing  up  the  pipe  a,  and  thus 
necessarily  carry  some  of  the  en- 
trained water  along  with  it. 

797.  There  are  many  other 
makes  of  separators,  all,  however, 
operating  on  practically  the  same 
principle.  What  is  required  of  a 
separator  is  to  check  the  velocity 
of  the  steam  and  change  the  direc- 
tion of  the  current.  The  parti- 
cles of  water  will  continue  in  the 
original  direction  of  the  current 
by  reason  of  their  inertia,  whiie 
the  dry  steam  passes  off  in  another 
Pio.  ^a.  direction. 
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BOILER    FITTINGS— Cootinued. 


FEED    APPARATUS. 

798.  The  Surface  Condenser. — The  steam  gener- 
ated in  the  boiler,  after  performing  its  work  in  the  engine, 
is  usually  discharged  into  a  vessel  known  as  the  condenser. 
The  surface  condenser  will  be  treated  of  here  only  in  so  far 
as  it  relates  to  the  feed  apparatus,  but  will  be  further  dealt 
with  in  the  section  on  Steam  Engines  when  considering  the 
general  question  of  condensers,   (^ee  Arts.  1085  tol097.) 

799.  The  condenser  shown  in  Fig,  233  consists  of  a 
closed  vessel  B  provided  with  numerous  small  brass 
tubes  C,  C  fitted  air-tight  into  the  tube-sheets  C,  C.  The 
steam  from  the  engine  enters  the  condenser  through  the  ex- 
haust pipe  A,  strikes  against  the  baffle  plate  /f,  and  is  dis- 
tributed through  the  condenser,  as  shown  by  the  arrows. 

The  steam  comes  in  contact  with  the  outside  of  the  tubes, 
which  are  kept  cool  by  water  passing  constantly  through 
them.  The  cooling  water  is  taken  from  the  sea  by  the  cir- 
culating pump,  not  shown  in  the  figure,  and  forced  through 
the  main  injection  pipe  D  into  the  chamber  £;  thence  ■ 
through  the  tubes  C,  C  into  the  chamber  F,  whence  it  re- 
turns to  the  chamber  E',  passes  into  the  outboard  delivery 
pipe  G,  and  is  discharged  overboard. 

The  exhaust  steam  coming  into  contact  with  the  cold  sur- 
face of  the  tubes  is  condensed,  that  is,  turned  into  water 
again.  This  water  flows  by  gravity  down  the  sloping  bottom 
J  of  the  condenser  and  into  the  lower  end  of  the  air  pump  K. 

Kiir  iii.tke  uf  the  opyriBht,  sli-  puKe  immcdiBtcly  following  tbe  tille  page. 
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This  is  usually  a  bucket  pump  and  worked  by  means  of  a 
lever  from  the  engine.  Its  construction  and  operation  are 
described  later.  (See.  Art.  1094.)  Its  purpose  is  to  keep 
up  the  vacuum  due  to  the  condensation  of  the  steam,  which 
vacuum  would  otherwise  soon  be  destroyed  by  the  air  and  ' 
vapor  arising  from  the  hot  water  of  condensation.  It  also 
removes  the  water  from  the  condenser  as  fast  as  it  is  formed, 
delivering  it  into  the  hotweJl  L.  Connected  to  the  bottom 
of  the  hotwell  are  the  suction  pipes  «,  «'  of  the  feed 
apparatus,  which  consists  either  of  pumps,  or  injectors,  or 
both.  The  feed  apparatus  is  supposed  to  take  the  water  from 
the  hotwell  as  fast  as  it  is  pumped  in ;  s.hould  it  fail  to  do  so, 
the  hotwell  will  speedily  fill.  An  escape  for  the  water  is 
formed  by  attaching  an  overflow  pipe  M,  provided  with  a 
cock,  to  the  side  of  the  hotwell,  the  pipe  leading  the  water  to 
the  bilges.  Generally,  one  or  more  plunger  feed-pumps, 
which  are  shown  at  N,  are  bolted  to  one  side  of  the  air  pump 
and  worked  from  the  same  connection  from  which  the  air 
pump  is  worked. 

The  feed-pumps  are  connected  to  the  hotwell  by  their  suc- 
tion pipes  K  and  «',  the  feed-pipes  being  shown  at  «,  and  h,. 
The  suction  pipes  are  provided  with  stop-valves  or  cocks,  in 
order  that  each  pump  may  be  shut  off,  if  desired,  ^is  the 
suction  pipe  for  the  auxiliary  pump.  There  are  two  bilge 
pumps,  one  of  which  is  shown  at  O,  the  pipe  o  leading  from 
the  bilge,  and  the  bilge  water  being  thrown  overboard  through 
the  pipes  7",  T'. 

That  part  of  the  condenser  which  is  filled  with  the  con- 
densing water  is  called  the  water  end  i  that  part  which  is 
filled  with  vapor,  or  the  water  of  condensation,  is  called  the 
steam  end. 

800.  The  construction  of  the  feed-pump  is  shown  in 
Fig.  224.  A  is  the  plunger,  made  of  Muntz  metal.  It  is 
cored  out  to  lighten  it,  and  it  passes  through  a  stuffing-box 
and  gland  Hned  with  white  metal.  The  pump  chamber  B  is 
bolted  to  the  side  of  the  air  pump.  A  valve  chamber  C,  con- 
taining the  suction  valve  Z'and  delivery  valve  £^,  is  bolted  to 
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the  pump  chamber.  These  valves  work  in  gun-metal  bush- 
ings fitted  to  the  valve  chamber.  Above  each  valve  is  a 
yoke  ((/  and  f)  which  serves  to  prevent  the  valve  from  rising 
too  high.  A  small  pet-cock  A'is  fitted  between  the  suction  and 


delivery  valves.  This  may  he  used  to  test  the  working  of  the 
pump,  and  also  to  admit  air  to  the  air  chamber.  The  air  in  the 
air  chamber  will  sooner  or  later  be  absorbed  by  the  water,  in 
which  case  the  valves  will  seat  with  a  considerable  shock. 
Opening  the  pet-cock  will  admit  air  on  the  up  stroke  of  the 
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plunger.  On  the  down  stroke  water  will  issue  if  the  pump 
is  working  properly.  In  some  cases  no  pet-cock  is  fitted. 
When  the  valves  seat  heavily,  or  slam  as  it  is  called,  loosen- 
ing up  the  gland  of  the  plunger  will  admit  some  air  and  cure 
the  slamming.  Bolted  to  the  bottom  of  the  valve  chamber  is 
the  suction  pipe  F,  which  connects  with  the  hotwell,  and  is 
provided  with  a  stop-valve  (not  shown  in  the  figure).  For 
the  purpose  of  examination,  the  valve  chamber  is  provided 
with  a  removable  cover,  not  shown  in  the  figure.  An  air 
chamber  H  is  fitted  to  the  top  of  the  valve  chamber,  and  at- 
tached to  this  air  chamber  is  the  feed-pipe  G,  leading  to  the 
boiler.  The  operation  of  the  pump  is  similar  to  that  of  the 
plunger  pump  shown  in  Fig.  131,  Art.  61 2< 

SOI.  There  must  be  two  independent  sets  of  feed  ap- 
paratus for  marine  boilers.  In  sea-going  steam  vessels  every 
pump  in  the  ship  is  usually  provided  with  the  necessary  pipe 
connections  to  allow  it  to  be  used  for  feeding  the  boilers. 
Fig.  335  illustrates  the  way  in  which  the  feed-pipes  are 
usually  connected.  For  the  sake  of  clearness,  only  the  pipes 
relating  to  the  feed  apparatus  are  shown  in  the  figure.  The 
boiler  is  shown  at  C,  the  engine  at  D,  the  condenser  at  E', 
the  air  pump  at  F,  and  the  circulating  pump  at  G.  A  and 
A'  are  the  plunger  feed-pumps,  worked  by  the  engine,  ta- 
king their  water  supply  through  the  suction  pipes  o,  o'  from 
the  hotwell  B,  and  discharging  the  water  through  the  main 
feed-pipe  b  into  the  feed  check-valve  C,  whence  it  passes 
through  the  stop-valve  />'  into  the  boiler. 

802.  On  all  marine  boilers  a  bronze  or  brass  seated  stop- 
valve  must  be  attached  between  the  boiler  and  each  feed 
check-valve  to  facilitate  access  to  the  check-valves  while  the 
boiler  is  under  steam,  and  also  as  an  additional  safeguard  to 
keep  the  water  in  the  boiler.  Check-valves  will  sometimes 
fail  to  seat  properly,  allowing  the  water  in  the  boiler  to  leak 
past  them  while  the  pump  is  stopped,  the  water  passing 
through  the  main  feed-pipe  into  one  of  the  other  boilers  in 
which  the  pressure  may  be  somewhat  less,  thus  allowing  the 
water  to  become  dangerously  low  in  the  first  boiler.  The 
piping  just  described  constitutes  the  mala  feed. 


.dbyGoogle 


406  STEAM   AND   STEAM  BOILERS. 


803.     The  duplex  pump  E  and  single-acting  pump  //'are 
connected  to  the  hotwell  B  by  the  suction  pipes  c'  and  c. 


respectively.     The  pump  E  is  provided  with  branch  suction 
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pipes  d  and  c,  leading  to  the  sea  and  to  the  fresh-water 
ballast  tank.  Similar  suction  pipes  d^  and  i\  are  fitted  to 
the  pump  H.  Other  branch  suction  pipes  leading  to  various 
other  sources  of  water  supply  may  be  fitted  to  each  pump  as 
required.  The  pump  E  delivers  through  the  pipe  f,  and  the 
pump  //"through  the  pipe  f\  into  the  donkey  feed-pipe^, 
whence  the  water  passes  through  the  donkey  check-valve  F' 
and  the  stop-valve  G'  into  the  boiler.  These  two  pipe 
arrangements  constitute  the  donkey  feed.  It  should  be 
clear  that  in  this  case  there  are  three  ways  of  feeding  the 
boiler  independently  of  each  other.  Either  the  main  feed 
may  be  used,  or,  if  desired,  either  one  of  the  two  pumps. 
Very  often  an  injector  is  provided,  taking  its  water  supply 
from  the  same  sources  as  the  pumps,  and  discharging  into 
the  donkey  feed-pipe. 

The  principle  and  working  of  injectors  have  been  explained 
in  Art.  606. 

From  the  foregoing  it  follows  that  it  is  only  through  careless- 
ness that  the  water  in  a  marine  boiler  can  become  too  low. 

804.  The  plunger  pump  A^  Fig.  335,  is  working  as  long 
as  the  engine  is  running,  and,  consequently,  is  feeding  the 
boiler  or  boilers  continually.  When  two  or  more  boilers  are 
supplied  from  the  same  main  feed-pipe,  the  amount  of  feed- 
water  entering  each  boiler  is  regulated  by  adjusting  the  lift 
of  the  feed  check-valves.  If  one  boiler  gets  less  than  its 
proper  amount  of  feed,  as  may  be  found  by  watching  the 
water  gauge,  the  amount  may  be  increased  by  giving  a  higher 
lift  to  the  check-valve,  thus  increasing  the  area  of  the  pas- 
sage to  the  boiler.  Conversely,  reducing  the  lift  of  the 
valve  reduces  the  feed. 

When  an  independent  pump  is  used  for  feeding  one  boiler, 
the  feed  may  be  regulated  by  varying  the  speed  of  the 
pump;  but  with  attached  pumps  having  a  constant  speed, 
the  check-valve  must  be  used  for  that  purpose. 

805.  Relief  Valves. — Should  either  the  check-valve 
C"or  stop-valve  /?',  Fig.  21!5,  be  closed  for  some  reason  while 
the  pump  ,/  is  working,  either  the  pump  or  the  feed-pipe 
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would  burst.  To  prevent  this,  a  relief  valve  which  will 
open  and  allow  the  water  to  escape  in  case  the  pressure  on 
the  pipe  exceeds  the  pressure  on  the  boiler  by  say 
15  pounds  per  square  inch  is  fitted  either  to  the  pump 
chamber  or  to  the  air  chamber.  The  usual  construction  of 
a  relief  valve  is  shown  at  /,  Fig.  224.  Its  principle  of  action  is 
the  same  as  that  of  an  ordinary  spring  loaded  safety  valve. 
The  area  of  this  valve  is  made  equal  to  that  of  the  feed-pipe. 

806.  Position  of  the  Feed-Plpe — The  point  at 
which  the  feed  enters  the  boiler  varies  with  the  different 
builders.  Some  take  the  feed  through  the  front  head  of  the 
boiler,  some  through  the  rear  head,  and  some  through 
the  shell.  The  common  practice  is  to  lead  the  feed-water  to 
the  coolest  part  of  the  boiler.  This  is  done  by  a  pipe  secured 
to  the  inside  of  the  boiler  shell.  When  a  large  body  of  com- 
paratively cool  water  is  discharged  on  to  a  hot  plate,  severe 
local  strains  are  set  up  in  the  plate,  due  to  the  contracting 
of  the  part  cooled  by  the  entering  feed-water.  These 
Strains  would  soon  destroy  the  plate,  and,  to  obviate  this, 
the  end  of  the  internal  feed-pipe  is  often  closed,  and  the 
entering  feed-water  distributed  over  a  large  area  by  numer- 
ous holes  drilled  into  the  pipe  in  such  a  position  that  the 
water  will  issue  in  a  direction  away  from  the  plates  com- 
posing the  boiler.  In  Scotch  boilers,  in  the  best  modern 
practice,  the  feed-water  is  discharged  by  a  pipe  lying  on  a 
level  with  the  top  row  of  tubes,  the  pipe  being  perforated 
and  discharging  downwards  between  two  nests  of  tubes. 

807.  Feed-'Water  Filters.— Where  a  surface  con- 
denser is  used,  the  oil  or  tallow  used  for  lubricating  the 
cylinder  of  the  engine  is  carried  by  the  exhaust  steam  into 
the  condenser;  thence,  with  the  condensed  steam,  into  the 
hotwell,  whence  it  passes  into  the  boiler.  This  greasy 
matter  often  leads  to  serious  trouble.  It  appears  to  com- 
bine with  some  of  the  ingredients  of  the  solid  matter  in  the 
water,  and  adheres  finally  to  the  plates  of  the  furnace  and 
prevents  the  water  from  coming  into  contact  with  the  plates ; 
as   it  offers  great  resistance   to  the  transmission   of   heat 
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through  the  plates  to  the  water,  it  has  led  to  numerous 
cases  of  overheating,  and  to  the  consequent  collapsing  of  the 
furnace  flues.  It  also  causes  the  boiler  to  foam  or  prime, 
which  subject  is  treated  of  further  on.  Hence,  it  is  very 
desirable  to  remove  the  oil  and  grease  from  the  feed-water 
before  it  enters  the  boiler.  This  is  done  by  filtering  the 
feed-water.  A  common  and  very  ef&cient  method  is  to  dis- 
charge the  water  taken  by  the  air  pump  from  the  condenser 
into  an  open  wooden  box  filled  with  hay,  instead  of  dis- 
charging it  into  the  hotwell.  The  suction  pipe  of  the  feed- 
pump is  connected  to  the  bottom  of  this  box,  the  end  of  the 
suction  pipe  being  covered  with  a  perforated  plate  called  a 
strainer,  to  prevent  any  hay  from  entering  the  pump. 
The  oil  and  grease  contained  in  the  water  will  deposit  on  the 
hay,  which  is  renewed  occasionally. 

SOS.     A  HVasB  icrease  extractor,  as  made  by  Cramp 
&  Co.,  is   illustrated  in  Pig.  226.     It  consists  of  a  closed 


PlO.  «9S. 

cast-iron    vessel   placed    between   the   feed-pump   and   the 
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boiler.  The  feed-water  enters  at  A  and  passes  over  and 
under  the  alternate  partitions  B,  B,  leaving  the  extractor 
at  C.  The  grease,  on  account  of  its  lower  specific  gravity, 
rises  to  the  surface  in  each  of  the  compartments  formed  by 
the  partitions,  and  since  the  level  of  the  water  is  above  the 
top  of  the  higher  partitions,  the  tendency  of  the  grease  on 
the  surface  is  to  flow  towards  the  outlet  end  of  the  apparatus, 
where  the  grease  outlet  pipe  D  is  located.  The  pressure 
exerted  by  the  air  confined  between  the  surface  of  the  liquid 
and  the  cover  forces  the  grease  out,  on  opening  the  valve  in 
the  pipe  D.  This  is  done  at  intervals  varying  with  the 
amount  of  grease  carried  in.  A  plate  E  at  the  outlet  end 
prevents  the  mixture  of  the  outflowing  grease  and  feed- 
water.  A  float  valve  F,  similar  in  principle  to  the  one 
described  further  on  in  connection  with  the  steam  trap,  is 
provided.  This  valve  is  open  at  first,  and  allows  the  air  to 
escape  from  the  extractor  when  it  is  first  filled.  The  valve 
is  closed  by  means  of  the  float,  upon  the  water  reaching  a 
certain  height,  and  the  air  remaining  is  compressed.  By 
means  of  the  drain  cock  G  the  extractor  may  be  emptied  for 
the  purpose  of  examination  or  repair,  the  different  com- 
partments communicating  with  each  other  by  a  small  hole^at 
the  bottom  of  each  partition.  This  style  of  extractor  is  exten- 
sively used  in  sea -going  steam  vessels  having  surface  condens- 
ers, and  has  given  universal  satisfaction.  The  pipe  connec- 
tions are  made  in  the  same  manner  as  those  of  the  superheater 
previously  described,  in  order  that  the  extractor  may  be  cut 
out,  if  desired,  and  the  feed-water  pass  directly  to  the  boiler. 

809.  Peed- Water  Heaters. — For  reasons  which  will 
be  treated  of  in  Art.  1090,  etc.,  the  temperature  of  the 
water  taken  from  the  condenser  does  not  exceed  150°  F. 

The  higher  the  temperature  of  the  feed-water,  the  less 
will  be  the  amount  of  fuel  required  to  evaporate  it.  Also, 
the  higher  the  temperature  of  the  feed-water  entering  the 
boiler,  the  less  the  various  parts  of  the  boiler  will  be  strained 
by  unequal  expansion  and  contraction,  and,  consequently, 
the   more   durable    the   boiler   will    be.     It    is,    therefore. 
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desirable  to  heat  the  feed-water  by  some  means  before  it 
enters  the  boiler, 

Tlie  feed-water  is  sometimes  heated  by  a  jet  of  steam.  This 
is  done  by  connecting  a  small  pipe  to  the  bottom  of  the  hot- 
well,  this  pipe  taking  live  steam  from  some  convenient  steam 
pipe.  Where  this  way  of  heating  the  feed-water  is  used,  no 
fuel  will  be  saved,  but  the  life  of  the  boiler  will  be  increased. 

Sometimes  the  feed-water  is  heated  by  passing  it  through 
a  coil  of  pipe  located  in  the  base  of  the  smokestack  or  in  the 
uptake.  The  hot  gases  of  combustion  surround  the  coil  of 
pipe  on  alt  sides,  and  heat  the  water  passing  through  the  coil, 

8 1 0.  Maklns  Up  for  Loss  of  Feed-Water.— Where 

a  surface  condenser  is  used,  a  certain  amount  of  water  is 
evaporated  into  steam  in  the  boiler,  and  turned  into  water 
again  in  the  condenser,  and  taken  from  there  to  the  boiler 
and  again  converted  into  steam,  once  more  used  in  the  en- 
gine, and  again  exhausted  into  the  condenser,  and  so  on.  It 
will  be  seen  that  if  there  were  no  loss  through  leakage,  etc, 
the  same  water  could  be  used  over  and  over  again,  no  further 
supply  being  needed;  but,  as  a  matter  of  course,  there  is 
always  a  certain  amount  of  leakage  going  on,  both  in  the 
piping  conveying  the  steam  to  the  engines,  in  the  engines 
themselves  (at  the  glands,  etc.),  and  also  in  the  feed-pumps 
and  piping,  besides  the  loss  due  to  blowing  the  whistle,  and 
also  using  steam  in  the  various  auxiliary  engines  that  do  not 
exhaust  into  a  condenser.  All  these  losses  have  to  be  made 
good.  This  loss  of  water  may  be  discovered  by  watching  the 
water  gauge  of  the  boiler.  Should  the  water  gradually  become 
less  in  the  boiler,  with  the  feed-pumps  operating  properly,  it 
would  show  that  there  is  a  deficiency  of  water  in  the  hotwell. 

81 1.  The  most  common  way  of  making  up  for  the  loss 
consists  in  connecting  the  water  end  of  the  condenser  with 
the  steam  end  of  the  condenser.  This  may  be  done  by 
means  of  the  J'  pipe  shown  in  Fig.  223,  the  end  a  communi- 
cating with  the  water  end,  and  the  end  b  communicating 
with  the  inside  of  the  condenser;  this  pipe  has  a  stop-valve  c 
which  is  opened  whenever  required,  and  allowed  to  remain 
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open  for  a  certain  length  of  time.  Some  of  the  cooling 
water  will  flow  into  the  condenser  and  mingle  with  the  con- 
densed steam.    This  arrangement  is  known  as  the  salt  feed. 

812.     When  a  ship  is  fitted  with  ballast  tanks  filled  with 

fresh  water,  a  small  pipe  provided  with  a  stop-valve  may 

connect  the  inside  of  the  condenser  with  the  tank  or  tanks. 

When  opening  the  stop-valve,  the  pressure  of  the  air  forces 

er  in  the  tanks  into 

denser,  as  there  is  a 

racuiim  within  it. 

Sometimes  the  ap- 
shown  in  Fig.  327  is 
This    Is    the    Balrd 
■atoT,   and    its   con- 
n   is   as   follows:     A 
cylindrical  shell  A  is 
i  with  a  coil  B  made 
pipe.     Both  ends  of 
il    pass   through   the 
:ad.    Attached  to  one 
he  coil  is  a  steam  pipe 
g  steam  from  the  boil- 
jrovided  with  a  gauge 
stop-valve  Af.     The 
id  of  the  coil  is  con- 
o  a  drain  pipe  D  lead- 
ing to  the  hotwell, 
A  feed-pipe  £,  fitted 
with  a  stop- valve  O, 
is  screwed  through 
the   center   of   the 
lower  head,  and  con- 
nects   either    with 
the  sea  or  with  the 
waterendofthecon- 
Pio.m.  denser.  The  pipe  F, 

provided  with  a  stop-valve  JV  and  a  combined  vacuum  and 
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pressure  gauge  K,  is  connected  with  the  steam  side  of  the 
condenser.  Above  the  coil  B,  a  separator  G  is  fitted.  This 
merely  serves  to  keep  the  sea-water  from  entering  the  pipe 
F  when  the  vessel  is  rolling  or  pitching.  A  manhole  P, 
fitted  with  a  cover,  is  cut  into  the  shell,  allowing  examina- 
tion of  the  inside- 

814.  The  operation  of  the  evaporator  is  as  follows:  On 
opening  the  stop-valve  N  a  vacuum  will  be  formed  inside  the 
evaporator,  since  the  evaporator  is  connected  with  the  con- 
denser, in  which  there  is  a  vacuum.  Next,  the  stop- valve  O 
is  opened,  and  sea-water  flows  into  the  evaporator,  the  glass 
water  gauge  H  showing  the  amount  of  water  admitted. 
Enough  sea-water  is  admitted  to  cover  the  coil  5  to  a  depth 
of  several  inches;  then  the  water  supply  is  shut  off.  Next, 
steam  is  admitted  to  the  coil  B,  heating  and  evaporating  the 
sea-water  surrounding  the  coil.  It  has  been  shown  (see 
Art.  673)  that  water  will  boil  at  a  temperature  varying 
with  the  pressure.  This  principle  is  made  use  of  in  the 
evaporator  by  connecting  it  to  the  condenser  and  evaporating 
the  sea-water  in  a  partial  vacuum.  Consequently,  some- 
what less  heat  is  required  to  evaporate  the  sea-water.  The 
vapor  from  the  sea-water  rises  and  flows  through  the  separa- 
tor G  into  the  pipe  F,  and  thence  into  the  condenser,  where 
it  mingles  with  the  exhaust  steam  from  the  engine.  The 
rate  of  evaporation  is  regulated  by  the  stop-valve  M  on  the 
steam  pipe  C,  the  pressure  gauge  indicating  the  pressure. 
The  higher  the  pressure,  the  higher  the  temperature  of  the 
steam,  and,  consequently,  the  faster  the  rate  at  which  the 
sea-water  is  evaporated.  When  the  water  gauge  shows  that 
most  of  the  water  has  been  evaporated,  more  is  admitted  by 
opening  the  stop-valve  O.  But  the  density  of  the  water  will 
soon  increase,  and,  therefore,  either  some  or  all  of  it  must 
be  blown  off  occasionally.  This  is  done  by  first  closing  the 
stop-valve  N\  this  causes  some  of  the  sea-water  to  be 
evaporated  into  steam,  and  the  pressure  begins  to  rise,  as 
shown  by  the  gauge  K.  The  stop-valve  O  of  the  feed-pipe  is 
opened  when  a  sufficient  steam  pressure  has  been  reached. 
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and  the  dense  water  in  the  evaporator  is  blown  out.  The 
evaporator  is  now  ready  for  a  fresh  charge  of  sea-water,  and 
the  operation  may  be  repeated. 

815.  An  important  part  of  the  evaporator  is  a  device 
called  a  steam  trap.  This  device  permits  the  water  formed 
by  the  condensation  of  the  steam  in  the  coil  B  to  drain  into 


the  hotwell,  but  it  prevents  the  escape  of  steam,  thus  hold- 
ing the  pressure  and  temperature  inside  the  coil,  and,  conse- 
quently, utilizing  the  latent  heat  of  the  steam  in  vaporizing 
sea-water  fed  to  the  evaporator.  The  construction  of  the 
trap  usually  furnished  with  the  evaporator  just  described  Is 
shown  in  Fig.  228.  Inside  a  cast-iron  chamber  is  a  lever  F, 
pivoted  at  N,  and  working  in  a  forked  guide  E.  Attached 
rigidly  to  the  lever  F is  a  hollow  copper  ball  D,  known  as  a 
float.  A  piston  valve  U  is  attached  by  the  link  C  to  the 
lever  F.  The  valve  is  provided  with  four  ports,  all  of  them, 
at  a  certain  position  of  the  valve,  communicating  with  the 
passage  in  the  valve  chamber  K,  this  passage  leading  to  the 
drainpipe  /which  communicates  to  the  hotwell.  The  inlet 
pipe  (j  is  connected  to  the  drain  pipe  D  of  the  evaporator. 
When  steam  is  admitted  to  the  evaporator,  it  flows  through 
the  coil  and  into  the  drain  pipe,  and  thence  into  the  steam 
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trap,  where  further  escape  is  prevented,  since  the  outlet  to 
the  drain  pipe  /  is  shut  ofE  by  the  valve  U,  the  ball  D  being 
in  the  position  shown.  The  steam  in  the  coil  and  the  trap 
gradually  condenses,  the  water  gradually  collecting  and 
rising  in  the  trap  and  lifting  the  ball  D  until,  by  means  of  the 
connections  shown,  the  valve  6'^  is  opened,  when  the  pres- 
sure of  the  steam  will  blow  a  certain  quantity  of  the  water 
through  the  four  passages  of  the  valve  into  the  valve  cham- 
ber, arid  thence  into  the  drain  pipe  /.  The  ball  D  sinks  as 
fast  as  the  water  is  leaving  the  trap,  until  the  communica- 
tion to  the  drain  is  shut  off,  when  the  water  will  collect  again 
into  the  trap  and  the  operation  will  be  repeated.  By  means 
of  the  adjusting  screw  A,  which  limits  the  drop  of  the  ball, 
the  quantity  of  water  discharged  may  be  regulated.  The 
screw  B,  forming  a  stop  for  lever  F,  is  used  for  regulating 
the  amount  of  opening  of  the  valve.  Steam  traps  are  made 
in  a  variety  of  forms,  all  of  them  acting  upon  the  same 
principle  as  the  one  just  described.  They  are  often  used  on 
the  return  pipes  of  the  steam-heating  systems  of  steam 
vessels,  and  serve  the  same  purpose  as  the  one  used  in 
connection  with  the  evaporator. 


THE  SALINOMETBR. 
816.  Ordinary  sea-water  contains  1  pound  of  solid 
matter,  about  one-quarter  of  which  is  salt,  in  every  3'i 
pounds  of  water.  If  sea-water  be  evaporated,  the  solid 
matter  held  in  solution  in  the  water  will  remain;  that  is,  if 
32  pounds  of  sea-water  are  evaporated,  31  pounds  of  steam 
will  be  formed  and  1  pound  of  solid  matter  will  remain. 
Should  but  part  of  the  33  pounds  be  evaporated,  say  16 
pounds,  there  will  remain  16  pounds  of  salt  water  containing 
1  pound  of  solid  matter.  Again,  if  one-half  of  this  be 
evaporated,  the  1  pound  of  solid  matter  would  still  be  con- 
tained in  the  remaining  8  pounds  of  salt  water.  Suppose 
we  have  a  vessel  containing  Z%  pounds  of  sea- water,  and  that 
16  pounds  of  water  are  evaporated  and  there  remain  in  the 
vessel  Ki  pounds  of  water  containing  1  pound  of  solid  matter. 
Another  32  pounds  of  sea-water  are  put  into  the  vessel,  and 
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the  same  number  of  pounds  are  evaporated.  It  is  evident 
that  there  are  now  2  pounds  of  solid  matter  contained  in  the 
16  pounds  of  water  that  are  left  in  the  vessel.  This  shows 
that  the  more  sea-water  is  added  and  evaporated,  the  more 
solid  matter  will  be  contained  in  the  water  remaining  in  the 
vessel.  This  is  exactly  what  takes  place  in  a  marine  boiler 
using  sea-water,  and  it  is  evident  that  in  order  that  the 
amount  of  contained  solid  matter  may  not  exceed  a  certain 
amount,  a  portion  of  the  water  must  be  drawn  ofT  from  the 
boiler  occasionally.  This  is  done  by  means  of  either  the 
bottom  or  the  surface  blow-off  cock,  and  is  termed  blowlnfl; 
off.  It  has  been  determined  by  practical  experience  that  the 
amount  of  solid  matter  in  the  water  of  the  boiler  should  not 
exceed  3  pounds  in  every  33  pounds  of  water. 

817.  The  term  saturation  is  used  to  denote  the  number 
of  pounds  of  solid  matter  in  every  33  pounds  of  water,  and  the 
saturation  is  usually  expressed  in  the  form  of  a  fraction. 

For  instance,  ^j  saturation  means  that  there  are  3  pounds 
of  solid  matter  in  32  pounds  of  water.  Fresh  water  at  sea- 
level  boils  at  212°  F.,  but  if  solid  matter  be  added,  the 
temperature  of  the  boiling  point  will  be  raised.  In  Table  29 
the  exact  boiling  points  of  sea-water  at  different  degrees  of 
saturation  are  given.  As  water  will  boilat  a  temperature 
varying  with  the  pressure  of  the  atmosphere,  the  boiling 
points  given  in  the  table  are  correct  for  but  one  pressure, 
namely,  30  in.  of  mercury: 

TABLE  29. 


Saturation. 

Boiling^  Point. 

Saturation. 

Boiling  Point. 

A 

212.0°  F. 

l\ 

230.3°  F. 

A 

213.2°  F. 

A 

221.5°  F. 

A 

214.4°  F. 

A 

222.7°  P. 

A 

215.5°  F. 

H 

233.8°  F. 

A 

21(i.'i°  F. 

H 

225.0°  F. 

A 

217.9"  F. 
210,  r  F. 

il 

22fi.l°  F. 
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At  ^{  saturation  the  water  becomes  saturated;  that  is,  it 
will  not  dissolve  any  more  matter. 

It  will  be  seen  that  the  boiling  point  increases,  practically, 
1.3  degrees  Fahrenheit  for  every  pound  of  solid  matter 
added.  It  has  been  determined  that  for  every  tenth  of  an 
inch  variation  in  the  height  of  the  barometer,  the  boiling 
point  of  the  water  varies  -j'^^g  degree  F.  If  the  height  of 
the  barometer  is  less  than  30  in,,  the  water  will  boil  at  a 
lower  temperature.  For  instance,  if  the  height  of  the 
barometer  is  29  in.,  water  containing  -/j  solid  matter  would 
boil  at  214.4  —  10  X  .10  =  212.8°.  Conversely,  if  the  height 
of  the  barometer  were  30.4  in.,  the  same  water  would  boil 
at  214.4+ 4  X  .16  =  215.04° F. 

Should  it  be  desired  to  find  the  saturation  of  the  water 
in  the  boiler,  some  water  is  drawn  from  it  into  an  open 
vessel  and  is  then  heated  to  the  boiling  point.  The  tempera- 
ture at  which  it  boils  is  ascertained  by  means  of  a  ther- 
mometer, and  the  boiling  point,  with  the  barometer  standing 
at  30  in.,  is  calculated.  The  saturation  is  found  by  the 
approximate  rule  given  below: 

Let  A  =  boiling  point  of  the  water  tested; 

B  =  product  of  the  number  of  tenths  of  an  inch  varia- 
tion in  the  height  of  the  barometer  and  .16,  this 
product  to  be  subtracted  when  the  barometer  is 
above  30  in.,  and  to  be  added  when  below  30  in. 

Rule  iji4. —  To  find  the  degree  of  saturation  by  means  of 
the  thermometer,  subtract  218°  from  the  corrected  boiling 
point  of  the  water  tested  and  divide  the  remainder  by  1.2. 

That  is,  5  =  ti±fi;i^l 

Example. — A  sample  of  water  boils  at  310.3°  P.,  the  height  of  the 
barometer  being  30.5  in.     What  is  the  saturation  of  the  water  f 

Solution. — Substituting  values  in  the  above  formula,  we  have 
^^(ai5.a-Sx^.18)-212  ^  g  jj^  ^j  ^|.^  matter,  or  ft  saturation.     Ans. 

It  will  be  seen  that  we  sulilracted  the  value  of  //  from  that  of  A, 
because  the  barometric  reading  was  above  30  in. 
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818.     It  is  evident  that,  as  the  density  of  water  ii 
the  more  solid  matter  there  is  dissolved  in  it,  and,  conse- 
quently, by  measuring  the  density  of  the  water, 
the  amount  of  solid  matter  may  be  readily  found. 
This  is  done  by  means  of  a  hydrometer,  shown 
in  Fig,   229.     This  instrument  is  often  called  a 
salloometer ;  that  is,  a  salt  measurer,  as  it  is 
used  for  measuring  the  quantity  of  salt  contained 
in  water.     It  consists  of  a  glass  tube,  near  the 
bottom  of  which  are  two  bulbs.     The  lower  and 
smaller  bulb  is  loaded  with  mercury  or  shot,  so 
as  to  cause  the  instrument  to  remain  in  a  vertical 
I  position  when  placed  in  the  water.     The  upper 
Fig.  a».     bulb  is  filled  with  air,  and  its  volume  is  such  that 
the  whole  instrument  is  lighter  than  an  equal  volume  of 
water. 

It  is  graduated  by  placing  it  first  in  fresh  water  having  a 
temperature  of  200°  F.  The  depth  to  which  the  instrument 
sinks  in  the  water  is  marked  on  the  glass  tube.  It  is  then 
placed  in  water  having  the  same  temperature  and  contain- 
ing -j^  part  of  salt.  The  depth  to  which  the  instrument 
now  sinks  is  the  sea-water  mark,  and  it  is  also  marked  on 
the  tube.  This  operation  is  repeated  with  water  contain- 
ing 3^,  -/j,  etc.,  up  to  ^1  part  of  salt,  always  taking  care 
that  the  temperature  of  the  water  is  exactly  200°  F.  The 
marks  on  the  tube  are  transferred  to  a  paper  scale,  and 
this  is  pasted  to  the  inside  of  the  tube  in  eractly  the 
same  position  as  the  marks  on  the  tube.  The  distances  be- 
tween the  marks  are  usually  divided  into  halves,  quarters, 
and  eighths. 

If  the  hydrometer  is  placed  in  a  vessel  containing  some 
water  drawn  from  the  boiler  and  having  a  temperature  of 
200°  F.,  it  will  sink  to  a  depth  corresponding  to  the  density 
of  the  water,  and  the  saturation  may  be  read  off  on  the  scale. 
For  instance,  if  the  hydrometer  sinks  to  the  2|  graduation 
on  the  scale,  it  means  that  there  are  2J  pounds  of  solid 
matter  in  every  32  pounds  of  water. 

Should  the  temperature  of  the  water  under  test  vary  from 
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the  temperature  at  which  the  hydrometer  was  graduated, 
the  indication  of  the  hydrometer  would  not  be  correct. 
This  is  due  to  the  difference  in  density  of  water  at  differ- 
ent temperatures.  Allowance  may  be  made  for  this  error 
in  the  following  manner:  The  indication  of  the  hydro- 
meter will  vary  ^  part  of  1  pound  of  solid  matter  for 
every  degree  the  temperature  of  the  water  varies  from 
200°  F. 

Thus,  if  the  temperature  bf;  205°  F.,  the  hydrometer  will 
show  bV  part  of  *>"e  pound  o£  solid  matter  less  than  there 
really  is  in  the  water.  For  instance,  the  temperature  of 
the  water  being  205°  F.,  and  the  hydrometer  indicating  Iff 
pounds  of  salt,  the  actual  amount  of  salt  would  be  ^  of  one 
pound  more,  and  as  VV=tV-  m  + 
^ij  =  3  pounds  would  be  the  actual  sat- 
uration. 

Also,  should  the  temperature  of  the 
water  be  less,  the  indication  of  the 
hydrometer  will  be  too  high.  For 
example,  the  temperature  of  the  water 
being  180°  F.,  and  the  hydrometer  in- 
dicating 2J-  pounds,  the  indication 
would  be  I  J-  of  a  pound  too  high.  Sub- 
tracting |J=:i  from  2i,  we  get  2 
pounds,  the  true  amount  of  solid  mat- 
ter in  every  33  pounds  of  the  water 
drawn  from  the  boiler. 

819>  For  convenience,  a  salln- 
ometer  pot,  shown  in  Fig.  230,  is  com- 
monly used.  It  is  attached  to  the  boiler, 
or,  should  there  be  several  boilers,  it  is 
put  up  in  the  engine  room  and  con- 
nected by  branch  pipes  with  each  boil- 
er.  It  consists  of  two  cylindrical  brass 
vessels,  one  of  larger  diameter  than 
the  other,  communicating  with  each 
other  by  a  passage  Pin  the  base  of  the  Pro.  ao. 
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instrument.  A  removable  cover  C  is  fitted  to  the  larger 
vessel.  The  pipe  A  connects  with  the  water  space  of  the 
boiler.  Upon  opening  the  stop-valve  a,  water  flows  into 
the  smaller  vessel,  and  through  the  passage  P  into  the 
larger  one.  The  water  is  prevented  from  overflowing 
by  the  overflow  pipe  (?,  which  empties  below  the  drain 
valve  d  into  the  drain  pipe  D.  A  thermometer  T  indi- 
cates the  temperature  of  the  water.  If  the  temperature 
of  the  water  is  too  low,  the  stop-valve  a  is  opened  until 
the  temperature  reaches  aOO"  F. ;  if  too  high,  the  water 
is  allowed  to  cool  down.  The  water  from  the  boiler  is 
under  high  pressure,  and,  consequently,  is  liable  to  turn 
suddenly  into  steam  when  the  pressure  is  reduced;  hence, 
it  is  advisable  Co  discharge  the  water  first  into  the  smaller 
vessel  through  the  bent  pipe  A\  thus  reducing  the  pressure 
gradually.  Any  vapor  formed  may  escape  through  the  per- 
forated top  B.  When  the  water  in  the  larger  vessel  is  at 
the  proper  temperature,  the  density  is  ascertained  by  means 
of  the  hydrometer,  and  then  the  pot  is  drained  by  opening 
the  drain  valve  d. 

820.  It  is  evident  that  to  keep  the  water  in  the  boiler 
at  a  certain  degree  of  saturation,  the  solid  matter  carried 
with  the  feed-water  into  the  boiler  in  a  stated  time  must  be 
removed  from  the  boiler  in  the  same  length  of  time.  That 
is,  the  number  of  pounds  of  feed-water  multiplied  by  the 
amount  of  solid  matter  in  1  pound,  must  equal  the  number 
of  pounds  of  water  blown  off  multiplied  by  the  amount  of 
solid  matter  in  1  pound. 

Let  A  =  the  weight  of  the  water  blown  off,  in  pounds; 
B  =  the  numerator  of    the  fraction   expressing  the 

saturation  ot  A ; 
C  =  the  weight  of  the  feed-water,  in  pounds; 
D  =  the    numerator  of   the  fraction    expressing  the 

saturation  of  C; 
£  =  the  weight  of  water  evaporated,  corresponding 

toC. 
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Rule  155. — To  find  the  amount  of  water  lobe  blown  off  in 
a  stated  time,_  divide  lite  product  of  the  weight  of  the  feed- 
water  and  its  saturation  by  the  saturation  of  the  water  blown 
off 

That  is,  A  =  —K-. 


Note. — The  volume  of  the  water  in  gallons  may  be  found  approi- 
imatety  by  dividinK  the  number  of  pounds  by  8.4.  By  saturation  in 
rules  155  and  156  is  meant  the  numerator  of  the  fraction  expressing 


Example. — 2,000  pounds  of  feed-water  enter  a  boiler  every  hour  at 
n  of  A-     How  much  water  must  be  blown  off  every  hour  to 


keep  the  saturation  at  A  ? 


Substituting,  we  have  A  =  - — ^ —  =  1,000  lb,    Ans, 

156. — To  find  the  amount  of  water  evaporated  into  steam 
for  a  given  weight  of  water  blown  off,  divide  the  saturation 
of  the  water  Mown  off  by  the  saturation  of  the  feed-water, 
subtract  1  from  this  quotient  and  multiply  the  remainder  by 
the  weight  of  the  water  blown  off. 


That  is,  E=A  ^^ 


(§-)• 


Example.— The  saturation  of  the  feed-water  being  ^,  how  much 
water  is  evaporated  into  steam  for  one  pound  of  water  blown  off  at 
■ff  saturation,  the  saturation  to  be  kept  constant  1 

Solution.—  E=  A  {-^  —  lY 

Substituting,  we  have  .£"  =  1  f  ?-  - 1]  =  1  lb.    Ana. 

821.  The  following  scheme  shows  the  method  of  regu- 
lating the  saturation  in  a  boiler  containing  100,000  pounds 
of  sea-water.     The  saturation  is  not  to  exceed  ■^. 
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Pounds  of 
Solid  Matter. 


Number  of 

Pounds  of  Water 

in  Boiler. 

Evaporated  into  steam 100,000  3,135 

Fed  in  to  make  up  at  ^ 100,000  3,135 

Water  in  boiler l()b,000  C,250 

Blown  off 20,000  1,250 

Water  in  boiler 80,000  5,000 

Fed  in  at  ,V 20.000  635 

Water  in  boiler 100.000  5,625 

Evaporated.. 30,000  Steam 

Water  in  boiler 80,000  5,625 

Fed  in  at  ^ 30.000  625 

Water  in  boiler 100,000  6,260 

By  drawing  hot  water  from  the  boiler  and  making  up  the 
deficiency  with  colder  water,  a  certain  amount  of  heat  is 
lost.  The  amount  is  equal  to  the  difference  in  temperature 
between  that  of  the  water  in  the  boiler  and  that  of  the  feed- 
water.  For  instance,  if  the  temperature  of  the  water  in 
the  boiler  be  320°.  and  that  of  the  feed-water  180°,  then, 
320°  —  180°  =  140°  will  be  the  amount  of  heat  lost.  This 
represents  the  number  of  B.  T.  U.  lost  for  each  pound  of 
water  blown  off  and  replaced  with  a  pound  of  cooler  water. 

822.  The  percentage  of  loss  of  heat  due  to  blowing  off 
is  found  by  the  following  rule: 

Let  A  =  the  total  heat  (reckoned  above  the  temperature 

of  the  feed)  imparted  to  the  amount  of  water 

converted    into    steam   for    1    pound   of   water 

blown  off ; 

B  =  the   number   of  B.    T.   V.    lost   in   blowing  off 

1  pound  of  water; 
L  =  the  percentage  of  heat  lost. 
Rule  157. —  To  find  the  percentage  of  loss  of  heat  due  to 
blowing  off,  multiply  the  number  of  B.  T.  U.  lost  in  blowing 
off  1  pound  of  water  by  100.  Dix-ide  the  product  by  the 
total  heat  above  the  temperature  of  the  feed-water  imparted 
to  the  amount  of  water  converted  into  steam  for  1  pound  of 
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water  Mown  off  plus  the  number  of  B.  T.  U.  lost  in  blowing 
off  1  pound  of  water. 

_.    ,  .  ,      100  5 

That  IS,  ^  =  aJ^- 

Example. — The  saturation  of  the  water  In  a  certain  boiler  is  to  be 
kept  at  A'     1'lie  temperature  of  the  feed-water  being  160°  P.,  its 
saturation  A,  and  the  steam  pressure  90  lb.,  absolute,  what  wilt  be  the 
percentage  of  loss  due  to  blowing  off  ? 
,       100  J 

According  to  the  steam  table,  the  sensible  heat  of  steam  at  00  lb. 
pressure  is  320.094°  F.,  and  820.004°  -  160°  =  160.094°,  which  represenU 
the  difference  of  temperature,  and,  as  explained  before,  the  number  of 
B.  T.  U.  lost  in  each  pound  of  water  blown  off. 

In  order  to  find  the  total  heat  mentioned  in  the  rule,  the  amount 
of  water  converted  into  steam  for  one  pound  of  water  blown  oft  has 
first  to  be  found  from  rule  156.  This  amount  is  found  to  be  2 
pounds.  The  total  heat  above  S2°  F,  of  a  pound  of  steam  at  90  lb. 
pressure  is  1,178.589  B.  T.  U. ,  and  above  160°  F.  it  is  1,179.589  -  (180  -  32) 
=  1,051.569  B.  T.  U.  Consequently,  for  2  pounds  the  total  beat 
is  1,(B1.569  X  8  =  2,108.138  B.  T.  U.  For  each  pound  of  water  blown 
oS,  1  piound  will  have  to  be  fed  into  the  boiler,  in  addition  to  the 
amount  evaporated,  and  the  amount  of  heat  carKed  into  the  boiler 
by  this  pound  of  feed-water  must  be  added  to  the  total  heat.  Now, 
sul>stituting  the  values  found,  we  have 
160.094  X  100  „^_ 

2,103.138  +  160. 094  =  ^-'"^-'*'^'"'y-     "^ 


EXAMPLES  FOR  PRACTICE. 

1.  The  height  of  the  barometer  being  30.4  in.,  find  the  boiling 
point  of  water  having  a  saturation  of  ^.  Ans.  218.S4''  F. 

2.  A  sample  of  water  boils  at  216.7°  F.,  the  height  if  the  barometer 
being  80.8  in.     Find  the  saturation.  Ans.  W- 

8.  A  salinometer  immersed  in  water  having  a  temperature  of  206°  F. 
indicates  3  pounds  of  salt.     Correct  the  reading.  Ans.  8.11b. 

4.  How  much  water  at  -ff  saturation  will  have  to  be  blown  off  to 
keep  the  saturation  constant,  the  saturation  of  the  feed-water  being  A, 
and  5,000  pounds  entering  the  boiler  every  hour  ?         Ans.   1,666.67  lb. 

5.  How  much  water  at  ^  is  evaporated  for  every  120  pounds  of 
water  blown  off  at  A  1  Ans.  240  lb. 

6.  Find  the  percentage  of  heat  lost  in  blowing  off  water  at  ^,  the 
steam  pressure  being  100  pounds,  absolute,  the  temperature  of  the 
feed-water  190°  P.,  and  its  saturation  ^.  Ana.  4.29^  nearly. 
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COMBUSTION   AND   FUELS. 

LAWS   OF    CHBMICAL   COMBINATIONS. 

823.  Elements  and  Compounds — Every  body, 
every  mass  of  matter,  is  either  an  element,  a  compound* 

or  a  mixture.     Iron,  silver,  sulphur,  and  oxygen  are  ele- 
ments; water,  wood,  lime,  and  carbonic  acid  are  compounds. 

824.  A  compound  may  be  decomposed  or  divided  into 
separate  substances.  For  example,  if  an  electric  current  is 
passed  through  water,  the  water  slowly  disappears  and  two 
gases  are  formed.  These  gases  are  entirely  unlike,  and 
neither  resembles  the  water  from  which  it  was  produced. 
Likewise,  lime  can  be  divided  into  two  other  substances,  cal- 
cium and  oxygen.  Any  substance  which  can  thus  be  decom- 
posed or  divided  into  other  substances  is  called  a  compound. 

825.  There  are  substances,  however,  which  have  never 
been  decomposed  into  other  substances.  By  no  known  proc- 
ess can  sulphur  be  separated  into  other  substances;  neither 
can  iron,  gold,  arsenic,  and  many  other  substances.  Sub- 
stances which  have  never  been  decomposed  are  called 
elements. 

826.  The  elements  which  will  be  considered  in  this 
Course  are  the  following: 

Element.  Symbol. 

Hydrogen H 

Oxygen O 

Nitrogen N 

Carbon C 

Sulphur S 

In  referring  to  an  element  it  is  customary  to  simply  use 
the  symbol,  which  is  usually  the  first  letter  of  the  name. 
Thus,  H  stands  for  hydrogen,  C  for  carbon,  etc. 

827.  Chemical  Combination. — When  two  or  more 
elements  are  brought  into  contact  under  favorable  circum- 
stances, they  will  combine  and  form  a  new  substance  which 
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is  unlike  either  of  the  elements.  The  nature  of  the  com- 
pound thus  formed  will  generally  be  very  different  from  that 
of  the  elements,  so  far  at  least  as  it  affects  our  senses. 

For  example,  hydrogen,  an  exceedingly  light  gas,  will  burn 
in  the  air  with  a  light  blue  flame.  This  burning  is  a  form 
of  chemical  combination,  in  which  the  hydrogen  unites  with 
another  gas,  namely  the  oxygen  in  the  air,  and  forms  water, 
a  substance  familiar  to  us  all.  Chemical  combination  pro- 
duces heat,  whereas  chemical  separation  or  decomposition 
absorbs  heat.  Thus,  if  carbon  and  oxygen  are  brought  to- 
gether at  high  tempierature,  they  will  combine  and  form 
carbon  dioxide ;  hydrogen  and  oxygen  combine  to  form  water ; 
hydrogen,  nitrogen,  and  oxygen,  when  combined  in  certain 
proportions,  form  nitric  acid ;  a  given  volume  of  nitrogen 
and  three  times  that  volume  of  hydrogen  combine  and  form 
ammonia,  a  gas  which  differs  greatly  from  both  nitrogen  and 
hydrogen.  In  each  of  these  combinations  a  certain  amount 
of  heat  is  produced,  and  an  exactly  equal  amount  of  heat 
will  be  absorbed  in  separating  them  again. 

828.  It  is  supposed  that  each  molecule  of  an  element, 
such  as  hydrogen  or  oxygen,  is  composed  of  two  atoms.  It 
is  further  supposed  by  chemists  that  equal  volumes  of  all 
gases,  whether  simple  or  compound,  contain  the  same  num- 
ber of  molecules.  Thus,  a  cubic  foot  of  hydrogen,  a  cubic 
foot  of  air,  a  cubic  foot  of  steam,  all  contain  the  same  number 
of  molecules. 

Suppose,  now,  that  a  cubic  foot  of  hydrogen  gas  is  allowed 
to  come  in  contact  with  a  cubic  foot  of  chlorine  gas  (symbol 
CI).  The  mixture  is  exposed  to  heat  or  light,  and  the  gases 
combine.  The  process  of  combination  is  explained  as  follows : 
There  is  a  certain  attraction  or  affinity  between  the  hydro- 
gen atoms  and  the  chlorine  atoms.  Under  the  influence  of 
heat  or  light,  this  attraction  becomes  so  strong  that  the  two 
atoms  composing  the  molecule  of  hydrogen  are  torn  apart. 
Likewise,  the  atoms  composing  a  molecule  of  chlorine  sep- 
arate. Each  atom  of  chlorine  seizes  upon  an  atom  of  hydro- 
gen and  forms  a   molecule  of  an   entirely  new   gas,  viz., 
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hydrochloric  acid  gas.  Since  each  atom  of  chlorine  takes 
one  atom  of  hydrogen,  it  must  be  plain  that  the  number  of 
molecules  of  each  gas  must  be  the  same.  In  other  words,  a 
cubic  foot  of  chlorine  requires  a  cubic  foot  of  hydrogen  to 
combine  with  it;  these  gases  can  not  be  made  to  combine  in 
any  other  proportion.  For  example,  if  three  cubic  feet  of 
chlorine  were  placed  in  contact  with  two  cubic  feet  of  hydro- 
gen, four  cubic  feet  of  hydrochloric  acid  gas  would  be  formed 
and  the  extra  cubic  foot  of  chlorine  would  still  remain 
chlorine.     The  symbol  for  hydrochloric  acid  gas  is  H  CI, 

829.  Suppose,  now,  that  hydrogen  and  oxygen  are 
placed  in  contact  and  heated ;  they  will  combine  and  form 
steam  (or  water).  But  it  will  be  found  that  each  atom  of 
oxygen  seizes  two  atoms  of  hydrogen  to  form  a  molecule  of 
water,  and,  therefore,  the  volume  of  hydrogen  must  be 
double  the  volume  of  the  oxygen  with  which  it  combines. 
This  is  shown  by  the  symbol  for  water,  which  is  H,  O;  that 
is,  two  parts  of  hydrogen  to  one  of  oxygen.  Similarly,  the 
symbol  for  ammonia  is  N  H, ;  that  is,  three  parts  of  hydrogen 
to  one  of  nitrogen.  Again,  hydrogen  and  carbon  form  a 
compound;  each  atom  of  carbon  seizes  four  atoms  of  hydro- 
gen and  forms  a  molecule  of  marsh  gas.  The  symbol  for 
marsh  gas  is,  therefore,  C  H,.  The  small  figures  2,  3,  and 
4  always  indicate  the  number  of  atoms  of  the  element 
represented  by  the  symbol  preceding  them. 

The  symbol  of  any  compound  indicates  how  the  atoms  of 
the  elements  combine  to  form  the  compound.  Thus,  the 
symbol  for  water,  H,  O,  shows  that  two  atoms  of  hydrogen 
and  one  of  oxygen  unite  to  form  a  molecule  of  water.  The 
symbol  H,  S  O,  (sulphuric  acid)  shows  that  a  molecule  of 
the  sulphuric  acid  contains  two  atoms  of  hydrogen,  one  of 
sulphur,  and  four  of  oxygen, 

830.  Combination  by  Weieht.— One  cubic  foot  of 
hydrogen  combines  with  ju.st  one  cubic  foot  of  chlorine. 
But,  upon  weighing  each  gas,  it  is  found  that  the  cubic  foot 
of  chlorine  weighs  !)5. 5  times  as  much  as  the  cubic  foot  of 
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hydrogen.  A  cubic  foot  of  oxygen  weighs  16  times  as  much 
as  a  cubic  foot  of  hydrogen. 

It  has  been  stated  that  equal  volumes  of  gases  contain  the 
same  number  of  molecules.  Therefore,  a  cubic  foot  of  oxy- 
gen must  contain  the  same  number  of  atoms  as  a  cubic  foot 
of  hydrogen.  Now,  since  the  former  weighs  16  times  as 
much  as  the  latter,  it  follows  that  an  atom  of  oxygen  weighs 
16  times  as  much  as  an  atom  of  hydrogen.  Similarly,  an 
atom  of  chlorine  weighs  35.5  times  as  much  as  an  atom  of 
hydrogen.  This  ratio  between  the  weight  of  an  atom  of 
any  element  and  the  weight  of  an  atom  of  hydrogen  is 
called  the  atomic  weight,  or  the  chemical  equlvalentt 
of  the  element.  The  atomic  weight  of  any  element  (or  com- 
pound) may  be  found  by  dividing  the  weight  of  a  given 
volume,  say  a  cubic  foot,  of  the  element,  when  in  a  gaseous 
state,  by  the  weight  of  a  cubic  foot  of  hydrogen.  The 
atomic  weight  is,  therefore,  about  the  same  thing  as  specific 
gravity,  hydrogen  being  used  as  a  base  of  comparison  instead 
of  water  or  air. 

There  are  more  than  60  elements,  each  having  a  certain 
fixed  proportion  for  combining  with  other  elements;  this 
proportion  is  the  atomic  weight  of  the  element,  or  some 
simple  multiple  of  it. 

831.  The  atomic  weights  of  the  elements  named  above 
are  as  follows : 

Hydrogen  (H) 1 

Oxygen  (O) 16 

Nitrogen  (N) 14 

Carbon  (C) 12 

Sulphur  (S) 33 

By  the  aid  of  these  atomic  weights,  the  composition  of 
any  substance  by  weight  can  be  found  when  its  symbol 
is  known.  Take  water  whose  symbol  is  H,  O;  that  is, 
there  are  two  atoms  of  H  to  one  of  O.  Multiply  the  num- 
ber of  atoms  of  each  by  the  atomic  weight  of  the  atom. 
Thus, 
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2x1=2  parts  by  weight  of  hydrogen. 
I  X  16  =  16  parts  by  weight  of  oxygen, 
18  parts  by  weight  of  water. 
Water,  then,  is  composed  of  ^  =  11, 11;<  of  hydrogen,  and 
II  =  88, 8i)^  of  oxygen. 

As  another  example,  take  carbon  dioxide,  C  O,.  We 
have 

1  atom  of  C  X  atomic  weight,  12  =  12  parts  by  weight  of  C, 

2  atoms  of  O  X  atomic  weight,  16  =  32  partsliy  weight  of  O. 

44  parts  by  weight  of  CO,. 

Hence,  C  O,  contains  |J  =  27. 27;^  carbon  and  JJ  =  72.73^ 
oxygen.  From  these  examples  it  is  plain  that  the  atomic 
weight  of  water  is  18,  and  of  carbon  dioxide  44. 

832.  Mixtures. — Two  or  more  elementary  substances 
may  be  mixed  together,  and  yet  not  combine  to  form  a 
new  substance.  They  are  then  said  to  form  a  mixture. 
The  mixture  has  the  properties  of  the  elements  compo- 
sing it.  The  most  familiar  example  of  a  mixture  is  ordi- 
nary air.  It  is  composed  of  oxygen  and  nitrogen, 
23  parts  by  weight  of  the  former  to  77  parts  by  weight  of 
the  latter.  The  two  gases  are  not  chemically  combined; 
they  are  simply  mixed, 

COMBUSTION. 
S33.  Combustion  ts  z'ery  rapid  chemical  combination. 
The  atoms  of  some  of  the  elements  have  a  very  great  affinity 
or  attraction  for  those  of  other  elements,  and  when  they 
combine  they  rush  together  with  such  rapidity  and  force 
that  heat  and  light  are  produced.  Oxygen,  for  example, 
has  a  great  attraction  for  nearly  all  the  other  elements.  An 
atom  of  oxygen  is  ready  to  combine  with  almost  any  sub- 
stance with  which  it  comes  in  contact.  For  carbon,  oxygen 
has  a  particular  liking,  and  whenever  these  two  elements 
come  in  contact  at  a  sufficiently  high  temperature  they 
combine  with  great  rapidity.  The  combustion  of  coal  in 
the  furnace  of  a  boiler  is  of  this  nature.  The  temperature 
of  the  furnace  is  raised   by  kindling  a  fire,  and  then  the 
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carbon  of  the  coal  begins  to  combine  with  oxygen  taken 
from  the  air.  The  combination  is  so  rapid  and  violent  that 
a  great  quantity  of  heat  is  given  out. 

S34.  The  elements  which  enter  into  combustion  are 
oxygen  and  usually  either  carbon  or  hydrogen.  Coal,  wood, 
and  other  fuels  are  composed  almost  entirely  of  these  three 
elements,  Cotnbttstion  is,  therefore,  the  rapid  ehemical 
combination  of  oxygen  with  either  carbon  or  hydrogen  or 
both. 

We  have  seen  that  when  carbon  and  oxygen  combine 
they  form  CO,,  or  carbon  dioxide;  when  hydrogen  and 
oxygen  combine  they  form  water,  H,  O.  These  are  called 
the  products  of  combuiitlon.  When,  as  is  ordinarily  the 
case,  the  oxygen  is  obtained  from  the  air,  the  nitrogen  of 
the  air  passes  into  the  furnace  along  with  the  oxygen.  It 
takes  no  part  in  the  combustion,  and  passes  off  up  the 
chimney  with  the  C  O,.  Hence,  nitrogen  is  also  a  product  of 
combustion  in  air. 

835.  It  has  been  shown  that  C  O,  is  composed  of  12 
parts  by  weight  of  carbon  to  32  of  oxygen.  Hence,  to  burn 
a  pound  of  caibon  requires  ^|  =  2J  pounds  of  oxygen.  If 
the  oxygen  is  taken  from  the  air,  it  will  take  2|  -^  .23  =  11,6 
pounds  of  air  to  supply  the  2f  pounds  of  oxygen.  This  is 
because  only  23^  of  air  is  oxygen.  The  combustion  of  a 
pound  of  carbon  may  be  represented  as  follows: 

Elements.  Products. 

1,0  lb,  carbon 1.00  lb.  carbon      |  .,  ,.~  ii,  /-  q 

11,6  1b.  air (2.67  lb.  oxygen      \    '         '        ' 

(  8.93  lb.  nitrogen. .  ,8.93  lb.  nitrogen 

12.6  12.6  12.6 

That  is,  1  pound  of  carbon  requires  11.6  pounds  of  air  for 
complete  combustion.  Of  this  air,  2.67  pounds  is  oxygen, 
and  this  combines  with  the  pound  of  carbon,  forming  3.67 
pounds  of  carbon  dioxide.  The  8.93  pounds  of  nitrogen 
contained  in  the  air  pass  off  with  the  C  O,  as  a  product  of 
combustion. 
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536.  Next  consider  the  complete  combustion  of  a  pound 
of  hydrogen.  The  product  of  the  combustion  is  water, 
H,  O.  It  has  been  shown  that  H,  O  is  composed  of  2  parts 
by  weight  of  hydrogen  to  16  parts  oxygen.  Hence,  1  pound 
of  H  requires  y  =  8  pounds  of  O  to  unite  with  it.  The  air 
required  to  furnish  8  pounds  of  O  is  8  -^  .23  =  34.8  lb.  The 
process  of  combustion  is,  therefore,  as  follows: 

Elements.  Products. 

1.0  lb.  hydrogen 10"''>y*'>S«nt9.olb.water(H  O) 

34.81b.air j    S"  *■  "■^yS^"     *         „     . 

I  26.8  lb.  nitrogen. 26.8  lb.  nitrogen 

36.8  35.8  35.8 

537.  There  is  one  other  case  that  may  occur;  the  com- 
bustion of  carbon  may  not  be  complete.  If  an  insufficient 
amount  of  air  or  oxygen  is  supplied  to  the  burning  carbon, 
it  is  possible  for  the  carbon  and  oxygen  to  form  another 
gas,  carbon  monoxide,  or  C  O,  instead  of  carbon  dioxide 
CO.. 

The  combustion  of  a  pound  of  carbon  to  form  C  O  requires, 
of  course,  only  half  of  the  oxygen  that  would  be  necessary 
to  form  C  O,.  This  is  because  in  the  gas  C  O  1  atom  of 
carbon  seizes  1  atom  of  oxygen  instead  of  2.  To  burn  a 
pound  of  carbon  to  C  O,  requires  11.6  pounds  of  air.  To 
burn  it  to  C  O  would,  therefore,  require  but  11.6  -;-  2  =  5.8 
pounds  of  air. 

The  quantities  of  air  required  for  combustion  are  shown 
in  the  following  scheme; 

^      ^        .  . .        »„.  Products  of 

One  Pound.  Air  at  62°. 


Combustion. 
Water. 

Nitrogen. 


Hydrogen 34.8  lb.,  or  457  cu.  ft. 

Carbon   burned     ,,  „  ,.  ,,„        ,     (  Carbon  dioxide. 

.     „^  11.6  lb.,  or  152  cu.  ft.  J  ^.. 

to  CO, '  I  Nitrogen. 

Carbon   burned       .  „  „  „„         ,     (  Carbon  monoxide. 

.    „„  5.8  lb.,  or    76  cu.  ft.  i  .... 

to  CO '  (  Nitrogen. 

838.     The  fuels  in  common  use  are  composed  chiefly  of 
carbon,  with  sometimes  a  small  percentage  of  hydrogen, 
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oxygen,  and  incombustible  matter  called  ash.  When  the 
percentages  of  carbon  and  hydrogen  are  known,  the  air  re- 
quired for  the  combustion  of  a  pound  of  the  fuel  is  easily 
found.  For  example,  suppose  a  certain  coal  is  OO-i  car- 
txin  and  10;<  hydrogen.     To  burn  the  carbon  requires  153  X 

:n^7T  =  136.8  cu.   ft.   of  air;  to  burn  the  hydrogen  requires 

457  X  t-tt:  =  45.7  cu.  ft.  of  air.     Hence,  to  burn  a  pound  of 

the  fuel  requires  136.8  +  45.7  =  183.5  cu.  ft.  of  air. 

Let   C  =  the  number  of    parts    of   carbon   contained  in 

100  parts  of  a  given  fuel ; 
/^=  the  number  of  parts  of  hydrogen  contained  in 

100  parts  of  the  same  fuel; 
A  =  the  number  of  cubic  feet  of  air  required  for  the 

combustion  of  a  pound  of  the  given  fuel ; 
B  =  the  heat  of  combustion  of  a  pound  of  the  fuel, 

in  B.  T.  U. ; 
I^  =  number  of  pounds  of  water  at  212°  evaporated 

by  a  pound  of  the  above  fuel. 

Then,  ^=lS3x4  +  46rx^; 

or,     A  =  1.53  (C+ 3//),  very  nearly. 

Whence  we  have  the  following  rule: 

Rule  158. —  7i>  ^«rf  f/ie  air  required  to  burn  a  given 
fuel :  To  the  carbon  contained  in  the  fuel  add  three  times  the 
hydrogen,  multiply  the  sum  by  1.R2,  and  the  result  will  be  the 
air  required  in  cubic  feet  at  a  temperature  of  62°  F, 

Example. — The  composition  of  a  certain  kind  of  coal  is  as  foUowr: 

Carbfin 84  parts. 

Hydrogen C  parts. 

Oxygen 7  parts. 

Ash 4  parts. 

100 
Find  the  quantity  of  air  required  to  completely  burn  a  pound  of 
this  fuel. 

a.  U.    I— 29 
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Solution, — According  to  the  above  rule, 
A  =  1.62  iC+BH)  =  1.02  X  (84  +  3  x  5)  =  1M.48  cu.  £t.    Ans. 

When  the  fuel  already  contains  oxygen  a  little  less  air  is 
required  to  burn  it ;  if  it  contains  sulphur,  a  little  more  air 
will  be  required  than  given  by  the  above  rule.  In  either 
case  the  difference  is  very  slight.  It  will  be  found  that  a 
pound  of  coal  requires  practically  the  same  amount  of  air 
whether  it  be  anthracite  or  bituminous.  Roughly  speaking, 
it  requires  about  12  pounds,  or  100  cubic  feet,  of  air  to  burn 
a  pound  of  carbon  or  coal.  If  less  air  is  supplied,  the  com- 
bustion will  be  imperfect;  that  is,  the  carbon  burns  to  C  O 
instead  of  C  O,. 

839.  Heat  of  Combustion. — The  quantities  of  heat 
produced  by  the  complete  combustion  of  the  elements  com- 
posing the  fuels  have  been  found  by  experiment.  They  are 
as  follows : 

Hydrogen 02,000  B.  T.  U.  per  pound. 

Carbon  burned  to  C  O, 14,500  B.  T.  U.  per  pound. 

Carbon  burned  to  C  O 4,400  B.  T.  U.  per  pound. 

Using  the  symbols  given  in  Art.  838*  we  have 

5=  14.500  X  4  + 02.000  X  5^, 

or.     B  =  U5C+GWI/. 
giving  us  the  following  rule: 

Rule  1 59. —  7i>  yfwrf  ///<■  /icat  of  combustion  of  a  pound  of 
fuel,  multiply  the  percentage  of  carbon  by  IJf'i  and  the  per- 
centage of  hydrogen    by  (i'M.     Add  the   products,   and  the 
sum  will  be  the  required  heat  of  combustion  in  B.  T.  U. 
i£xAUPLE.— A  certain  kind  of  coal  has  the  following  composition: 

Carbon 76.5  parts. 

Hydrogen 4.4  parts. 

Oiygen 3.0  parts. 

Nitrogen l.I  i>arts. 

Ash 15.0  parts. 

100.0 


.dbyGoogle 


STEAM   AND  STEAM  BOILERS. 


Solution. — According  to  the  rule  just  given, 

5  =  145 C+ 620^=  145X76.5 +  620X4.4  =  13,820.5  8.  T.  U.     Ana. 

From  the  steam  table  it  is  found  that  to  change  a  pound 
of  water  at  212°  into  steam  at  212°  requires  about  960 
B.  T.  U.,  hence,  the  following  rule; 

Rule  I60. —  To  find  the  number  of  pounds  of  water  at 
£13"  evaporated  by  a  pound  of  fuel,  divide  the  heat  of  com- 
bustion of  the  fuel  by  966. 

ExAHPLB. — How  many  pounds  of  water  at  212°  can  be  evaporated 
by  a  pound  of  the  coal  of  the  last  example  ? 

Solution.— The  heat  of  combustion  is  13,820.5  B.  T.  U. 
18.820.5  +  966  =  14.8  lb.     Ans. 

S40>  Temperature  of  Combustion. — The  theoreti- 
cal temperature  of  the  combustion  of  a  given  fuel  can  be 
easily  calculated.  Making  no  allowance  for  losses  of  heat, 
an d_ supposing  just  enough  air  is  furnished  for  the  combus- 
tion, burning  carbon  should  have  a  temperature  of  about 
4,940°  above  zero;  burning  hydrogen  should  have  a  tempera- 
ture of  about  5,800°  above  zero.  In  practice  these  tem- 
peratures are  never  attained,  on  account  of  the  losses 
of  heat.  Usually,  the  quantity  of  air  admitted  to  the 
furnace  is  from  50  to  100  per  cent,  more  than  is  theoreti- 
cally necessary  for  the  combustion.  This  extra  quantity  of 
air  enters  at  a  temperature  of  (iO°  to  70°,  and  escapes  up  the 
smokestack  at  a  temperature  of  from  400°  to  ()00°.  A  large 
quantity  of  heat  is  thus  wasted,  and  the  temperature  of  the 
fire  is  greatly  lowered.  Where  the  fire  is  outside  of  the 
boiler,  and  the  furnace  is  surrounded  by  brickwork,  the 
furnace  temperature  may  be  2,500°  to  3,000°;  but  when 
the  furnace  is  inside  the  boiler  and  surrounded  on  all  sides 
by  water,  the  temperature  rarely  rises  above  3,000°,  and  is 
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usually  less.  A  high  temperature  is,  of  course,  desirable, 
since  the  water  of  the  boiler  will  take  up  heat  much  faster 
at  a  high  temperature  than  at  a  low  one. 

S41. — Conditions  Required  for  Economical  Com- 
bustion.-—The  chief  consideration  is  the  air  supply.  It  is 
not  possible  to  obtain  perfect  combustion  with  the  theoreti- 
cal quantity  of  air;  viz.,  12  pounds,  or  IGO  cubic  feet,  per 
pound  of  coal.  This  is  because  the  air  has  to  pass  through 
the  thick  bed  of  coal,  and  it  does  not,  therefore,  come  in 
close  enough  contact  with  the  burning  surface  to  insure 
perfect  combustion.  It  is  usually  estimated  that  about  24 
pounds  of  air  are  required  with  ordinary  natural  draft,  and 
18  pounds  with  forced  draft  for  each  pound  of  coal  burned. 
If  more  air  is  used  than  is  actually  necessary,  the  extra 
amount  simply  carries  heat  from  the  furnace  to  the  smoke- 
stack. On  the  other  hand,  if  too  little  air  is  admitted  to 
the  furnace,  part  of  the  carbon  burns  to  C  O  instead  of  C  O,. 
It  has  been  stated  that  the  combustion  of  carbon  to  C  O  gives 
out  but  4,400  B.  T.  U,  per  pound.  Here,  then,  is  a  loss  of 
14,50(1  —  4,400  =  10,100  B.  T.  U.  for  each  pound  of  carbon 
burned.  Hence,  the  admis.sion  of  either  too  much  or  too 
little  air  results  in  loss  of  efficiency. 

842.  It  is  a  general  law  that  the  excess  of  air  required 
to  produce  the  most  economical  results  is  inversely  as  the 
rate  of  combustion.  In  boilers  that  burn  from  'i  to  4  pounds 
of  coal  per  square  foot  of  grate  surface  per  hour,  the  excess 
of  air  is  U){>%.  When  the  rate  of  combustion  is  from  10  to  10 
pounds  of  coal  per  square  foot  of  grate  surface  per  hour,  the 
excess  is  only  SS  to  fln^ ;  finally,  when  the  rate  of  combus- 
tion is  over  20  pounds  per  square  foot  of  grate  surface  per 
hour,  the  excess  of  air  need  only  be  about  10^. 

A  common  and  serious  source  of  loss  is  the  escape  of  com- 
bustible gases  from  the  surface  of  the  coal.  Most  varieties 
of  bituminous  coal  contain  hydrocarbons.  These  are  gases 
composed  of  carbon  and  hydrogen,  such  as  marsh  gas,  com- 
mon lighting  gases,  olefiant  gas,  and  others.     The  carbon 
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contained  in  these  gases  may  be  one-third  or  more  of  all  the 
carbon  contained  in  the  coal. 

When  coal  of  this  nature  is  thrown  in  the  furnace,  it  be- 
comes heated,  but  before  it  really  begins  to  burn  these  gases 
are  driven  off,  and,  unless  some  means  are  provided  to  burn 
them,  they  escape  up  the  smokestack.  To  burn  these 
hydrocarbons  it  is  necessary  to  admit  air  into  the  furnace 
above  the  fire,  either  through  the  furnace  front  or  through 
the  bridge  wall. 

The  most  economical  late  of  combustion,  and  the  proper 
qtiantity  of  air  to  be  admitted  to  the  furnace,  can  only  be 
determined  by  experiment.  The  conditions  of  highest 
economy  will,  in  general,  be  different  for  the  different  types 
of  boilers  and  furnaces. 

The  subject  of  combustion  will  be  referred  to  later  under 
the  head  '* firing." 

EXAMPLES  FOR  PRACXICB. 

1.  How  many  pounds  of  air  will  be  required  for  the  perfect  com- 
bustion of  7  lb.  of  carbon  1  Ans.  81.2  lb. 

2.  A  fuel  is  8rtS  carbon  and  12J  hydrogen.  How  many  cubic  feet 
of  air  are  required  for  complete  combustion  of  a  pound  ? 

Ana.  188.48  cu.  ft. 

8,     {a)     How  many  B.  T.  U.  would  the  combustion  of  the  pound  of 

coal  of  example  3  give  out  ?    (b)    How  many  pounds  of  water  at  213' 

would  a  pound  of  this  fuel  evaporate  ?  .        1  {a)  20.200  B.  T.  U. 

■  1  {*)  20.fl  lb. 

4.  The  chemical  symbol  of  the  product  of  combustion  uf  sulphur 
with  oxygen  ts  S  O,  (sulphurous  oride).  What  is  the  composition  of 
this  gas  by  weight  ?  ^^^   (  Sulphur  idr,. 

■  f  Oxygen  50?. 

5.  Assume  that  with  natural  draft,  double  the  theoretical  quantity 
of  air  is  used  to  burn  a  fuel.  Under  these  circumstances,  how  many 
cubic  feet  of  air  would  be  required  to  burn  115  lb.  of  coal,  the  chemical 
composition  being  as  follows: 


Hydrogen 5  parts. 

Carbon 90  parts. 

Oxygen 3  parts. 

Ash 2  parts. 

100 


Am.  86,708  c\ 
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CIRCULATION    OF    WATER    IN    BOILERS. 

843.  The  transfer  of  heat  from  the  furnace  to  the 
water  in  the  boiler  is  accomplished  by  radiation,  conduction, 
and  convection.  It  is  estimated  that  when  the  fire  is  burn- 
ing brightly,  about  one-half  of  the  heat  received  from  the 
furnace  by  the  boiler  is  radiated.  The  transfer  of  heat 
through  the  water  is  due  to  convection,  since  liquids  are 
poor  conductors  of  heat.  The  particles  of  water  next  to  the 
shell  or  plate  become  heated,  and  immediately  rise  into  the 
main  body  of  water,  giving  place  to  fresh  particles  of  cold 
water.  The  rapidity  with  which  heat  will  be  absorbed  by 
convection,  therefore,  depends  upon  the  effectiveness  of  the 
water  circulation  in  the  boiler,  and  upon  the  extent  and 
conductivity  of  the  heating  surfaces.  The  transfer  of  heat 
through  the  shell  and  furnace  plates  takes  place  by  conduc- 
tion. It  has  been  proved,  experimentally,  that  the  quality 
or  thickness  of  the  material  has  little  influence,  thick  iron 
tubes  working  practically  as  well  as  thin  brass  ones.  Very 
thick  plates  are,  however,  liable  to  be  injured  by  burning 
when  exposed  to  the  direct  action  of  the  fire. 

844.  Water  circulation  is  essential  to  the  efficient 
operation  of  a  boiler.  It  has  just  been  shown  that  the 
rapidity  of  the  transfer  of  heat  by  convection  depends  upon 
the  rapidity  of  circulation.  Besides  this,  the  circulation  is 
useful  in  preventing,  in  some  degree,  the  deposit  of  sedi- 
ment which  accumulates  from  the  feed-water.  Again,  a 
rapid  circulation  keeps  the  parts  of  the  boiler  at  a  uniform 
temperature  and  is  a  safeguard  against  overheating. 

845.  Fig.  231  shows  the  circulation  of  the  water  in  a 
plain  cylindrical  boiler.  The  heated  currents  rise  from  the 
hottest  part  of  the  shell  directly  over  the  furnace,  and  carry 
the  bubbles  of  steam  to  the  surface.  The  cooler  water  rushes 
in  to  take  their  place  over  the  furnace,  and  thus  the  circula- 
tion is  maintained.  As  shown  in  the  figure,  there  are  two 
currents,  one  carrying  the  cold  water  from  rear  to  front, 
and  the  other  carrying  it  down  the  outside  of  the  shell  and 
up  through  the  center.     It  will  also  be  noticed  that  the  cir 
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dilation  is  in  a  direction  contrary  to  that  of  the  furnace 
gases.     Since  in  all  cylindrical  boilers  the  water  is  contained 


Fig.  ^1. 
in  a  solid  mass,  broken  only  by  flues  or  tubes,  the  circulation 
is  more  or  less  interfered  with  by  opposing  currents.  ■ 

846.     Fig.  232  illustrates  the  circulation  of  the  water  in 
a  Scotch  boiler.     The  water  directly  over  the  top  of  the 


.^    »     ^ — c 

1 

furnaces  is  heated  first ;  it  rises  between  the  tubes  and  along- 
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side  each  nest  of  tubes,  cooler  water  coming  down  between 
the  nests  and  alongside  the  shell.  The  circulation  in  t'he 
lower  half  of  the  boiler  is  very  feeble,  some  of  the  water 
passing  upwards  alongside  the  furnaces,  and  the  downward 
currents  meeting  it  and  almost  neutralizing  its  motion.  It 
will  thus  be  seen  that  the  circulation  is  greatly  interfered 
with  by  opposing  currents,  and  as  a  consequence  the  lower 
half  of  the  boiler  is  considerably  cooler  than  the  upper  half; 
the  difference  in  temperature  between  different  parts  of  the 
sheets  sets  up  severe  strains  in  the  material,  thus  tending 
to  shorten  the  life  of  the  boiler.  The  circulation  is  more 
rapid  and  effective  if  the  water  is  constrained  to  follow  a 
particular  path. 

847.     To  accomplish  the  above  object,  thin  sheet-iron 
plates  are  sometimes  fitted  in  Scotch  boilers  in  such  a  posi- 
tion that  the  upward  and 
downward   currents   can 
not  interfere   with   each 
other.   The  arrangement 
of  the  plates  is  shown  in  ' 
Fig.  -233.     The  thin  iron 
I  plates  /^enclose  each  sep- 
'  I  arate  nest  of  tubes,  ex- 

'  tending  very  nearly  the 
whole  length,  and  down- 
wards to  the  lowest  tubes 
of  each  nest.  The  upper 
ends  of  the  plates  enclo- 
sing each  nest  are  inclined 
"■  *""  towards  each  other,  and 

are  carried  up  a  short  distance  above  the  water  level. 
The  water  is  lifted  through  the  opening  between  the  two 
plates  by  the  ebullition  on  the  surface  of  the  water,  and,  after 
parting  with  the  particles  of  steam  suspended  within  it,  flows 
down  the  upper  inclined  surfaces  of  the  plates  and  augments 
the  downward  current.  These  plate.s  will  accelerate  the 
circulation  in  a  direction  at  right  angles  to  the  axis  of  the 
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boiler,  but  do  not  influence  any  current  in  an  axial  direction. 
The  arrows  clearly  show  the  direction  of  the  currents.  This 
arrangement  helps  the  circulation  somewhat,  but  still  leaves 
much  to  be  desired.  It  is  one  of  the  strong  points  of  the 
water-tube  boilers  that  the  water  must  pass  in  one  direction 
through  a  series  of  tubes;  hence,  the  circulation  is  strong 
and  uninterrupted.  Of  course,  the  above  statement  refers 
to  properly  designed  water -tube  boilers.  In  the  earlier  de- 
signs, the  circulation  of  the  water  had  either  not  been  pro- 
vided for  at  all,  or  but  indifferently.  For  this  reason  the 
first  water-tube  boilers  placed  in  a  steamship  were  a  failure; 


Fig.  a«.  Fir.,  ass. 

but  since  then,  the  importance  of  providing  for  a  rapid  cir- 
culation has  been  recognized,  and  the  boilers  designed  accord- 
ingly, so  that  at  the  present  day  the  above  statement  holds 
good  for  nearly  all  water-tube  boilers  used  in  steam  vessels. 
The  difference  between  the  cylindrical  and  water-tube  boilers 
in  this  respect  may  be  illustrated  as  follows:  The  cylindri- 
cal boiler  with  its  contained  mass  of  water  may  be  compared 
to  an  ordinary  kettle  in  the  process  of  boiling;  see  Fig.  ^34. 
The  water  rises  rapidly  around  the  outer  edges  and  flows 
downwards  in  the  center.  If,  however,  the  fire  is  quickened, 
the  upward  and  downward  currents  interfere  with  each  Other, 
and  the  kettle  boils  over. 
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848.  The  water-tube  boiler  should  be  and  is  identical  in 
principle  with  a  U  tube  depending  from  a  vessel  filled  with 
water,  and  with  the  heat  applied  to  one  leg;  see  Fig.  235. 
The  circulation  is  set  up  immediately,  and  proceeds  quietly, 
no  matter  how  fierce  the  fire  may  be. 

About  the  only  way  of  improving  the  circulation  of  Scotch 
boilers  is  to  do  so  by  mechanical  means.  This  may  be  done 
by  the  use  of  a  small  pump  connected  to  the  bottom  of  the 
boiler,  drawing  the  cold  water  from  the  lower  half,  and  dis- 
charging it  through  a  perforated  pipe  between  the  nests  of 
tubes.  Lately  an  apparatus  has  been  designed  to  circulate 
and  heat  the  water,  and  has  been  adopted  in  most  large 
steamships. 

849.  The  Craig  heating  and  circulating  appa- 
ratus is  shown  in  Figs.  2^0  and  337.     In  general  design  and 


principle  of  operation  it  greatly  resembles  an  injector.     In 
Fig.  2l{f!  the  feed-water  enters  through  the  pipe  Z,  passing 
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through  the  check-valve  Cintothe  nozzle^;  thence  through 
A  into  the  feed  check-valve  J/,  and  through  the  stop-valve 
R  into  the  boiler.  The  water  passing  through  5  at  a  high 
velocity  induces  a  current  of  water  to  pass  through  the 
induction  pipe  -V  connected  to  the  bottom  of  the  boiler,  the 
water  passing  through  the  check-valve  £  into  D,  thence 
through  the  annular  opening  between  the  nozzles  F  and  G 
into  F^,  whence  it  passes  into  A,  mingling  with  the  feed- 
water.  To  heat  the  water  a  jet  of  live  steam  is  admitted  by 
the  valve  A"  and  nozzle  G.  The  steam  pipe  P,  bolted  to  the 
valve  K,  leads  to  the  donkey  boiler.  When  it  is  desired  to 
equalize  the  temperature  and  circulate  the  water  while  get- 
ting up  steam  in  a  boiler  fitted  with  the  apparatus,  steam 
from  the  donkey  boiler  is  admitted  by  the  valve  K.  The 
steam  flowing  through  G  into  F  at  a  high  velocity  acts  the 
same  as  an  injector,  inducing  a  flow  of  water  through 
A',  £,  D,  F,  A,  M,  and  R  into  the  boiler,  and  delivering 
the  water  at  a  high  temperature.  Th^  check-valve  C  pre- 
vents any  of  the  water  from  entering  the  feed-pipe  L. 
When  the  boiler  is  under  steam,  the  apparatus  is  used  to 
circulate  and  heat  the  feed-water,  the  circulation  being 
induced  by  the  feed-water  flowing  through  B  with  a  high 
velocity  and  inducing  a  current  of  water  to  pass  up  through 
N,  E,  D,  F,  and  /",  into  A,  and  thence  into  the  boiler.  The 
feed-water  is  heated  by  mingling  with  the  hot  water  coming 
from  the  bottom  of  the  boiler. 

8SO.  In  Fig.  237  the  apparatus  is  shown  applied  to  a 
Scotch  boiler.  At  N^  the  internal  induction  pipe  is  shown. 
This  is  a  perforated  pipe  running  in  the  direction  of  the  length 
of  the  boiler,  and  connected  to  the  external  induction  pipe  N, 
provided  with  a  stop-valve  «.  The  feed-pipe  L  is  provided 
with  a  stop-valve  /.  At  Af  the  feed  check-valve  is  shown, 
whence  the  water  passes  through  the  stop-valve  R  into  the 
internal  feed-pipe  M,,  thence  into  the  perforated  distributing 
pipe  J/„  discharging  the  water  downwards  between  the 
nests  of  tubes,  /"is  the  steam  pipe  leading  to  the  donkey 
boiler.     This  pipe  is  provided  with  a   stop-valve   K.     To 
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circulate  the  water  while  running,  the  valve  «  is  opened, 
when  the  feed-water  itself  will  maintain  the  circulation.     To 


heat  and  circulate  the  water  before  fires  are  lighted,  the 
valve  /  is  closed,  the  valves  M  and  «  are  opened,  and  steam 
from  the  donkey  boiler  admitted  to  the  apparatus,  the  steam 
in  the  manner  previously  explained  heating  and  circulating 
the  water,  thus  bringing  all  the  parts  of  the  boiler  to  a  uni- 
form temperature,  and  thereby  greatly  reducing  the  local 
strains  in  the  material  of  the  boiler  due  to  starting  a  fire  in 
the  furnaces.  The  apparatus  may  be  connected  by  suit- 
able piping  to  serve  for  the  main  feed  as  well  as  for  the 
donkey  feed. 
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NATURAL,    AND    FORCED   DRAFT. 

851.  The,  necessary  quantity  of  air  is  supplied  to  a 
furnace  by  a  draft,  either  artificial  or  natural. 

852.  Forced  draft,  or  artificial  draft,  is  produced 
mechanically  by  fans  or  blowers;  natural  draft  is  pro- 
duced by  the  smokestack,  the  impelling  force  being  the  dif- 
ference between  the  weight  of  the  hot  gases  in  the  stack 
and  the  weight  of  an  equal  column  of  cold  air. 

The  smokestack  serves  the  double  purpose  of  creating  a 
draft  and  carrying  away  obnoxious  gases.  The  production 
of  the  draft  depends  upon  the  fact  that  the  furnace  gases 
(the  products  of  combustion)  passing  up  the  stack  have  a 
high  temperature,  and  are,  consequently,  lighter  than  an 
equal  volume  of  outside  air  at  ordinary  temperature;  that 
is,  the  pressure  within  the  smokestack  is  slightly  less  than 
the  pressure  of  the  outside  air.  Consequently,  the  air  will 
flow  from  the  place  of  higher  pressure  to  the  place  of  lower 
pressure;  that  is,  into  the  smokestack  through  the  furnace. 

The  area  of  the  smokestack  must  be  such  that  the  gases 
of  combustion  may  be  discharged  freely.  Experience  has 
shown  that  an  area  of  1  square  foot  of  smokestack  to  every 
8  square  feet  of  grate  surface  is  a  fair  ratio,  representing 
the  practice  of  some  of  the  best  builders.  The  intensity  of 
the  draft  depends  upon  the  height  of  the  smokestack ;  hence, 
the  amount  of  coal  that  may  be  burned  per  square  font  of 
grate  surface  per  hour  may  be  found  from  the  height  of  the 
smokestack,  provided  the  area  of  the  stack  is  of  the  required 
size. 


853.     The   maximum   rates  of    combustion   attainable 
under  natural  draft  are  given  by  the  following  rules,  which 
have   been   deduced   from   the   experiments  of  Isherwood, 
U.  S.  N. : 
Let  W  =  weight  (in  pounds)  of  coal  burned  per  square 
foot  of  grate  area  per  hour; 
//  =  height  of  smokestack  in  feet. 
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Rule  161. —  To  find  the  amount  of  anthracite  coal.t/iat 
may  be  burned  per  square  foot  of  grate  surface  per  hour 
under  the  most  favorable  conditions,  subtract  1  from  twice 
the  square  root  of  the  height  of  the  smokestack. 

That  is,  W='li^~H  -\. 

Rule  162. — For  anthracite  burning  under  ordinary  con- 
ditions, subtract  one  from  one  and  one-half  times  the  square 
root  of  the  height  of  the  smokestack. 

That  is,  W=1.5/A*-l. 

Rule  163. — For  best  semi-anthracite  and  bituminous  coals, 
multiply  the  square  root  of  the  height  of  the  smokestack  by 
two  and  one-quarter. 

That  is,  ff'=2.25/"jV, 

Rule  1 64. — For  ordinary  soft  coals,  multiply  the  square 
root  of  the  height  of  the  smokestack  by  three. 

That  is,  W=Z\rH. 

854.  The  maximum  rate  of  combustion  is  thus  fixed  by 
the  height  of  the  smokestack;  the  minimum  rate  may  be 

anything  less. 

Example. — What  is  the  maximum  coal  consumption  per  hour  of  a 
vessel  tittetl  with  six  boilers  with  two  furnaces  each,  the  length  of  the 
grate  being  6  feet,  the  width  3  feet  A  inches,  and  the  height  of  the 
smokestack  65  feet  ?     Ordinary  soft  coal  is  being  used. 

Solution.— Using  rule  164,  we  get 

If  =  3  |'^6.5  =  24.187  lb.  per  sq.  ft.  of  grate  area  per  hour. 

The  total  grate  area  =  8  x  2  x  6  X  3  5  =  3r,2  sq.  ft.  Hence,  the  max- 
imum coal  consumption  =  253  X  34. 187  =  6.085. 13  lb.  per  hour,     Ans. 

S55>  As  previously  explained,  natural  draft  is  caused 
by  the  upward  flow  of  heated  air. 

The  force  of  the  draft  depends  a  great  deal  upon  various 
conditions,  such  as  the  direction  and  the  force  of  the  wind, 
the  temperature  of  the  air,  the  height  of  the  smokestack, 
the    thickness    of    the    fire,     etc.      To    make    the    draft 
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independent  of  any  of  these  conditions,  various  mechanical 
arrangements  are  used. 

856.  Forced  draft  is  practically  applied  in  one  of  three 
ways: 

1.  The  air  is  forced  by  a  blower  into  an  air-tight  fire 
room. 

3.     The  air  is  forced  by  a  blower  into  air-tight  ash  pits. 

3.  The  blower  is  placed  in  the  uptake,  and  by  driving 
out  the  waste  gases  creates  a  partial  vacuum,  which  draws 
the  air  in  through  the  grates. 


^ 


The  pressure  of  the  draft  is  measured  in  inches  of  water; 
thus,  in  the  above  cases  the  air  is  forced  into  the  fire  room 
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or  ash  pit  under  a  pressure  of  from  1  in.  to  3  in.  of  water, 
an  inch  of  water  corresponding  to  a  pressure  of  .036  lb.  per 
square  inch,  or  about  5.2  pounds  per  square  foot. 

A  water  gauge  is  shown  in  Fig.  238.  As  will  be  seen,  it 
is  a  glass  tube  open  at  both  ends,  bent  to  the  shape  of  the 
letter  U ;  the  end  D  of  leg  B  communicates  with  the  vessel 
or  compartment  containing  the  air  under  pressure.  The 
pressure  forces  the  water  contained  in  the  tube  upwards  in 
the  leg  A,  and  downwards  in  the  leg  B,  the  difference  in 
level  between  the  water  in  the  two  legs  representing  the  air 
pressure  in  inches  of  water.  F,  F  are  the  set-screws  by 
which  the  scale  E  is  adjusted,  //  is  a  small  air-hole,  and  G 
is  a  spirit  level  by  means  of  which  the  gauge  can  be  set 
horizontally. 

In  naval  vessels,  the  closed  fire-room  system  of  forced 
draft  is  extensively  used.  All  openings  from  the  fire  room 
are  closed  air-tight,  and  air  forced  in  until  the  desired  pres- 
sure has  been  reached.  This  system  has  not  found  much 
favor  in  the  mercantile  service,  and  the  closed  ash-pit  system 
has  been  adopted  instead. 

857.  Howdea's  closed  asli-plt  Bystem,  in  which 
hot  air  under  pressure  is  delivered  into  the  ash  pits  and 
furnaces,  is  shown  in  Fig.  239.  By  means  of  a  blower 
located  in  a  suitable  place,  cold  air  is  forced  through  the 
pipe  H  into  a  closed  air  chamber  located  in  the  uptake 
immediately  above  the  doors  of  the  front  connection.  The 
gases  of  combustion  pass  through  numerous  vertical  tubes, 
shown  at  A,  contained  in  the  air  chamber,  thus  heating  the 
air  surrounding  the  tubes.  The  heated  air  passes  into  an 
air-tight  reservoir  B,  attached  to  the  front  end  of  the  boiler 
and  surrounding  the  furnaces,  as  well  as  the  front  connec- 
tion G.  This  reservoir,  projecting  about  10  inches  from  the 
front  of  the  boiler,  receives  the  air  under  pressure.  The 
air  admitted  above  the  fire  enters  through  the  valve  C  into 
a  space  between  the  outer  and  inner  furnace  doors,  both  of 
them  swinging  on  one  hinge.  The  inner  door  is  perforated, 
and  is  provided  with  a  perforated  air -distributing  box  D, 
n.  M.    ISO 
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the  outer  door  serving  to  retain  the  air  pressure.  The  air 
passing  through  the  valve  C,  besides  filling  the  spaces 
between  the  doors,  also  fills  the  space  around  the  furnace 
door,  whence  it  passes  into  a  perforated  air-distributing  box 
E,  covering  the  whole  surface  of  the  furnace  front  inside 
the  furnace.  Part  of  the  air  passes  through  the  perforated 
dead  plate  into  the  ash  pit,  which  is  closed  by  hinged  doors. 
The  rate  of  admission  of  air  to  the  ash  pit  is  regulated  by 
means  of  the  valves  F. 

S58.  In  operation,  the  rate  of  combustion  of  the  fuel  is 
governed  by  the  valves  F  regulating  the  air  pressure.  The 
valves  C  are  adjusted  at  the  beginning  of  the  trip  to  suit  the 
character  of  the  fuel  used.  The  jets  of  highly-heated  air 
admitted  by  these  valves  above  the  fire  tend  to  promote 
complete  combustion.  In  some  closed  ash-pit  systems,  co/d 
air  is  delivered  under  pressure  into  the  ash  pit. 

859.  An  Induced  or  exhaust  draft  system  is  shown  in 
Fig.  240.  It  consists  of  a  pair  of  fans  A,  A  located  one  on 
each  side  of  the  base 
of  the  smokestack. 
Both  fans  are 
mounted  on  the 
same  shaft,  which 
passes  through  the 
smokestack.  The 
shaft  is  belted  to  a 
steam  engine,  not 
shown  in  the  figure. 
In  operation,  the 
damper  B  is  closed 
while  using  the  ex- 
haust draft.  The 
rapidly  revolving 
fans  exhaust  the  air 
in  the  uptake,  thus 
reducing  the  pres- 
sure in    the   tubes 
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and  furnaces,  and  thereby  producing  a  more  rapid  current 
of  air  through  the  furnaces  both  below  and  above  the  grate. 
No  alterations  of  the  arrangement  of  the  furnace  fittings  are 
necessary.  This  system  can  be  applied  very  cheaply  to 
steamers  already  built. 

860.  Sometimes  the  air  in  the  chimney  is  exhausted  by 
means  of  a  steam  Jet.  It  consists  of  a  wrought-iron  pipe 
provided  with  a  conical  nozzle  pointing  upwards,  and  is 
placed  in  the  center  of  the  base  of  the  smokestack.  A  steam 
pipe  provided  with  a  stop-valve  connects  the  nozzle  with  the 
boiler.  The.  steam  issuing  from  the  nozzle  with  a  high 
velocity  carries  particles  of  the  air  with  it,  thus  creating  a 
partial  vacuum,  and,  consequently,  increasing  the  inflow  of 
air  into  the  furnace,  

LOSS    OF    HEAT. 

861.  A  portion  of  the  heat  generated  in  the  furnace  is 
usefully  expended  in  evaporating  the  water.  There  is,  how- 
ever, more  or  less  loss  of  heat  due  to  the  following  causes: 

1,  A  certain  amount  of  heat  is  carried  up  the  smokestack  by 
the  waste  gases,  the  temperature  of  which  is  between  500° 
and  700°. 

3.  In  some  cases  heat  is  lost  by  incomplete  combustion. 

3.  Heat  is  required  to  vaporize  the  water  formed  by  the 
combustion  of  hydrogen. 

4.  The  escape  of  free  carbon  in  the  form  of  smoke  is  a  loss. 
6.  Heat  is  lost  by  radiation. 

862.  The  loss  due  to  the  first  of  the  above  causes  can 
not  be  avoided  where  natural  draft  is  used,  since  the  tempera- 
ture of  the  ascending  gases  must  be  300°  to  600°  F.  to  insure 
a  good  draft.  The  loss  may,  however,  be  aggravated  by 
using  an  excess  of  air. 

The  loss  due  to  the  second  cause  may  be  avoided  by  using 
a  sufficient  quantity  of  air  to  insure  complete  combustion. 

The  loss  of  the  heat  required  to  vaporize  the  water  is 
unavoidable;  it  is,  of  course,  much  greater  with  wet  fuels. 

The  formation  of  smoke  is  a  very  common  and  very  fruit- 
ful source  of  waste.     Bituminous  coals,   which  are  rich  in 
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hydrocarbon  gases,  produce  the  most  smoke.  The  volatile 
hydrocarbons  are  driven  off  by  the  high  temperature,  and 
come  in  contact  with  the  air;  the  oxygen  of  the  air  unites 
with  the  more  inflammable  hydrogen,  leaving  the  carbon  in 
a  finely  divided  condition;  upon  being  cooled  down,  the  fine 
particles  of  carbon  appear  as  smoke. 

Smoke  may  be  avoided  by  bringing  a  supply  of  fresh  air 
in  contact  with  the  carbon  while  it  is  red  hot  in  the  flame; 
that  is,  before  it  cools  down  into  smoke.  After  being  formed, 
smoke  is  hard  to  burn,  and  the  skill  of  the  fireman  should  be 
exerted  in  preventing  its  formation. 

The  loss  of  heat  by  radiation  may  be  greatly  reduced  by 
covering  the  exposed  parts  of  the  boiler  with  non-heat-con- 
ducting materials.  The  radiation  from  an  internally  fired 
boiler  is  less  than  from  one  externally  fired,  the  excess  of  the 
latter  over  the  former  being  due  to  the  brickwork  furnace 

walls.  

FOAMING    AND    PRIMING. 

863.  Foaming  is  the  violent  ebullition  of  the  surface 
of  the  water  in  a  boiler.  Foaming  is  sometimes  caused,  when 
using  sea-water  in  the  boiler,  by  changing  off  from  sea- water 
to  fresh  water,  or,  when  using  fresh  water,  changing  off  to 
sea-water.  Owing  to  the  violent  ebullition  of  the  water,  the 
true  water  level  can  not  be  ascertained  without  checking 
somewhat  the  outflow  of  steam  from  the  boiler.  Sometimes 
it  is  necessary  to  shut  off  the  outflow  of  the  steam  entirely 
before  the  water  level  can  be  found.  Further  causes  of  foam- 
ing are  the  presence  of  oil  or  grease  on  the  surface  of  the 
water,  carried  in  by  the  feed-water,  and  insufficient  steam 
space  in  the  boiler,  or  too  large  a  water  space. 

864.  Foaming  is  always  indicated  by  the  violent  agita- 
tion, the  rapid  rising  and  falling,  and  at  the  same  time  the 
muddy  appearance  of  the  water  in  the  water  gauge  glass. 
Foaming  is  always  attended  by  the  danger  of  overheating 
the  tubes  and  the  crown  sheet  of  the  combustion  chamber, 
and,  therefore,  as  soon  as  a  boiler  begins  to  foam  it  is  neces- 
sary to  find  the  true  water  level  by  the  means  indicated  above. 
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Violent  foaming  may  be  checked  by  covering  the  fire 
with  fresh  fuel  or  ashes,  opening  the  furnace  door  and 
closing  the  damper.  Foaming  due  to  the  presence  of  grease 
or  oil  may  be  prevented  by  using  the  surface  blow-off 
frequently. 

86S<  Priming  means  the  passage  of  water  from  the 
boiler  through  the  steam  pipe  in  the  form  of  spray  instead 
of  vapor.  It  is  caused  by  insufficient  steam  space,  either 
due  to  the  design  or  to  the  water  being  carried  too  high.  It 
is  often  due  to  the  boiler  being  too  smalt  for  the  work  re- 
quired, and  as  the  fires  have  to  be  urged  to  the  utmost  to 
generate  sufficient  steam,  water  is  evaporated  very  rapidly 
and  particles  of  the  water  are  carried  along  with  the  steam. 
This  is  anal(^ous  to  the  boiling  over  of  a  tea-kettle  when 
placed  directly  over  a  hot  fire.  Insufficient  circulation  of 
the  water  usually  causes  priming.  Priming  generally  mani- 
fests itself  by  a  clicking  noise  in  the  cylinder  of  the  steam 
engine.  This  noise  is  caused  by  the  piston  dashing  the 
water  carried  over  with  the  steam  into  the  cylinder  against 
the  cylinder  head.  Severe  priming  may  break  the  piston  or 
the  cylinder.  It  may  be  prevented  by  lowering  the  water 
level,  reducing  the  speed  of  the  engine,  which  reduces  the 
amount  of  steam  taken  from  the  boiler,  and  also  by 
uniform  firing. 

RATE  OF  COMBUSTION. 
S60.     The  rate  of  combustion   of  the   fuel   in   the 
furnace  is  usually  stated  in  pounds  per  hour  burned  on  each 
square  foot  of  grate.     For  coal  the  usual  rates  of  combus- 
tion in  marine  boilers  are  as  follows: 

Ordinary  rates  under  natural  draft. . .  15  to  25  lb. 
Ordinary  rates  under  forced  draft. ...  25  to  60  lb. 
In  torpedo  boats  and  high  speed  yachts 

under  forced  draft up  to  125  lb. 

S67.  The  fuels  used  in  the  generation  of  steam  for 
marine  purposes  are  chiefly  coal  and  wood,  although  liquid 
fuel  (such  as  petroleum)  is  coming  into  use,  having  already 
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met  with  undoubted  success  in  locomotive  practice;  it  has 
an  evaporative  power  about  25!^  greater  than  that  of  the 
best*coals.  These  fuels  are  composed  of  carbon  in  combina- 
tion with  hydrogen,  oxygen,  and  non -combustible  sub- 
stances. 
There  are  five  leading  varieties  of  coal  t 

1.  Anthracite,  or  hard  coal,  consisting  almost  entirely  of 
pure  carbon. 

2.  Dry  bituminous  coal,  containing  70  to  80;^  carbon. 

3.  Bituminous  coking  coal,  containing  50  to  60^  carbon. 
i.  Cannel  coal,  containing  70  to  85;^  carbon. 

is.   Lignite,  or  brown  coal,  containing  55  to  15%  carbon. 

868.  Anthracite  coal  is  difficult  to  burn,  and  requires  a 
strong  draft,  high  temperature,  and  much  attention.  It 
burns  without  flame  or  smoke,  which  gives  it  a  peculiar 
value  for  some  purposes. 

The  bituminous  coals  burn  freely  and  rapidly,  and  give 
oS  flame  and  smoke.  The  best  bituminous  coals  have  a 
higher  heating  value  than  anthracite,  and  are  more  highly 
regarded  as  steam  coals. 

Lignite  is  a-  sort  of  incomplete  coal,  and  is  not  a  very 
valuable  fuel. 

Wood  is  used  considerably  on  the  Western  rivers,,  where 
its  supply  is  abundant  and  the  price  of  coal  is  high.  The 
chemical  composition-  of  ordinary  seasoned  firewood  is  as 
follows: 

Carbon ..-,...  37.50  parts. 

Hydrogen 4.60  parts. 

Oxygen 30. 75  parts. 

Nitrogen .75  parts. 

Ash 1.50  parts. 

Water 25.00  parts. 

100.00 
The  effective  heating  value  of  all  kinds  of  wood  is' the 
same,  and  is  usually  estimated  at  {  of  the  heating  value  of 
the  same  weight  of  coal. 
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FIRING. 

S69.  As  cdal  is  almost  universally  used,  either  anthra- 
cite (hard  coal)  or  bituminous  (soft  coal),  only  the  firing  of 
coal  will  be  treated  of  here. 

The  thickness  of  the  fire  in  a  furnace  depends  to  a  large 
extent  upon  the  draft,  the  nature  and  the  quality  of  the  fuel, 
the  size  of  the  grate,  and  the  rate  of  combustion  required. 
As  a  general  rule,  the  stronger  the  draft,  the  thicker  the 
fire  can  be.  Where  a  high  rate  of  combustion  is  required 
with  ordinary  natural  draft,  it  may  often  be  attained  by  a 
thin  fire  and  frequent  light  charges  of  fresh  coal.  It  is 
claimed  that  this  is  not  the  most  economical  way  of  firing, 
because  the  cold  air  rushing  info  the  furnace  whenever  the 
fire  door  is  open  for  charging  the  fire,  reduces  the  tempera- 
ture of  the  furnace  and  of  the  gases  in  combustion,  and, 
consequently,  reduces  the  evaporation.  For  instance,  let 
10  pounds  of  coal  be  burned  per  square  foot  of  grate  surface 
per  hour,  evaporating  100  pounds  of  water.  Then,  if  ZO 
pounds  of  coal  be  burned  on  the  same  area  in  the  same 
time,  instead  of  evaporating  twice  the  amount  of  water, 
that  is,  300  pounds,  the  actual  evaporation  will  probably  be 
about  170  or  180  pounds.  The  average  thickness  of  the  fire 
varies  from  8  to  14  inches. 

870.  There  are  three  methods  of  firing  in  use  at  the 
present  day : 

1.  Coking  firing.  This  is  especially  adapted  to  coal  rich 
in  hydrocarbons,  such  as  bituminous  coal.  The  fresh  charge 
of  coal  is  piled  upon  the  dead  plate,  the  heat  of  the  furnace 
driving  off  the  volatile  hydrocarbons,  which  mix  with  the 
air  entering  through  the  holes  in  the  fire  door,  and  are  ignited 
by  the  heat  of  the  fire  and  completely  consumed.  Then  the 
coked  coal  is  spread  evenly  over  the  fire,  and  a  fresh  charge 
is  piled  upon  the  dead  plate. 

2.  Alternate  firing.  This  is  adapted  to  either  anthracite 
or  bituminous  coal.  First,  one  side  of  the  furnace  is  sup- 
plied with  fresh  fuel,  and  then  the  other  side  of  the  furnace 
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is  charged,  the  time  between  these  charges  being  so  regulated 
that  one  side  of  the  tire  will  be  burning  brightly  before  the 
other  side  is  supplied. 

3.  Spreading  firing.  This  is  the  system  most  generally 
employed.  The  fresh  charge  of  coal  is  spread  evenly  all 
over  the  fire. 

871.  The  tools  used  in  working  the  fires  are  shown  in 
Fig.  241.  The  slice  bar,  shown  at  ^,  is  made  of  1  in.  or 
1^  in.  round  iron,  about  8  feet  long,  one  end  of  it  being 
flatteaed  and  a  handle  formed  at  the  other  end.  This  is 
employed  for  breaking  up  the  crust  formed  at  the  surface 
of  the  fire  when  bituminous  coal  is  used.  -  The  heat  of  the 
fire  fuses  the  fresh  charge  of  coal  in  a  short  time,  thus  keep- 
ing a  suffirfent  supply  of  air  from  passing  through  the 
grate.  About  10  minutes  after  charging  the  fire,  the  slice 
bar  is  run  into  the  fire  on  the  surface  of  the  grate,  and, 
by  depressing  the  end  of  the  bar  outside  the  furnace,  the 
fire  is  bi;oken  up.  This  operation  is  called  sllclns  tbe 
flre.- 

The  T  bar,  shown  at  B,  is  a  slice  bar  with  a  broad,  flat 
point,  and  is  used,  when  firing  anthracite  coal,  for  breaking 


Pi 


up  the  clinkers  and  cinders  lying  on  the  grate.  It  is  merely 
run  along  the  top  of  the  grate  the  whole  length,  this 
operation  facilitating  the  admission  of  air  Lo  the  fire. 
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The  hoe,  made  of  |  in.  bar  iron,  is  shown  at  C.     Generally 

two   are   used — a  heavy  hoe  with  a  

broad  end  and  a  lighter  one.     The       ®^  ^xg 

lighter  one  is  used  for  leveling  the  /  ^'^~^j^TnTtj) 
fire;  the  heavier  one  in  cleaning  the  /  "|  r^£^ij-^j|" 
fire  and  ash  pit.  A  •  N* 

In  connection  with  hoes,  a  bearing    \  / 

bar  A,  of  the  shape  shown  in  Fig.      \  / 

243,  is  often  used,  the  figure  clearly  ^^- 

showing    the    way  ,in    which    it    is  P'°-  »•'■ 

attached.     This  greatly  facilitates  the  cleaning  of  the  fire, 
as  it  provides  a  rest  for  the  hoe. 

Fig.  241  D  illustrates  the  usual  construction  of  the  poker. 
A  handle  is  formed  at  one  end;  the  other  end  is  enlarged 
and  is  rectangular  in  cross-section.  It  is  provided  with  a 
slot  for  the  insertion  of  the  blade,  which  is  shown  enlarged 
at  E.  These  blades  are  usually  -^  inch  thick  by  IJ  inches 
wide,  and  about  8  inches  long,  and  are  forged  to  the  shape 
shown  at  F.  A  number  of  these  blades  are  carried  in  stock, 
and  are  inserted  when  required  by  driving  out  the  taper 
key,  thus  allowing  the  old  blade  to  be  removed  and  a  new 
one  to  be  inserted ;  the  key  is  then  driven  home,  locking  the 
blade  in  position.  This  tool  is  used  for  cleaning  the  space 
between  the  grate  bars  from  below,  should  it  become 
choked. 

The  shovel  is  so  well  known  as  to  need  no  description. 

872.  Cleaning  Fires. — Two  methods  of  cleaning  a 
fire  are  in  use.  In  the  first  method,  the  burning  fuel  or  the 
live  coal,  as  it  is  termed,  is  pushed  to  one  side  of  the  fur- 
nace while  the  other  is  being  cleaned.  The  live  coal  is  then 
distributed  evenly  all  over  the  grate  and  covered  with  a 
light  charge  of  fresh  fuel. 

In  the  second  method,  the  live  coal  is  pushed  back  against 
the  bridge,  and  the  cinders  and  clinkers  covering  the  front 
of  the  grate  are  pulled  out.  The  live  coal  is  then  pulled  to 
the  front  of  the  furnace,  and  the  cinders,  etc.,  on  the  back 
part  of  the  grate  are  pulled  over  the  top  of  the  live  coal. 
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This  is  spread  evenly  over  the  grate,  after  cleaning,  and 
covered  with  a  light  charge  of  fresh  coal. 

It  is  well  to  allow  the  fire  to  burn  down  somewhat  before 
cleaning,  as  it  will  then  be  easier  to  clean.  The  damper 
should  be  partially  closed,  to  prevent  the  cold  air  from  rush- 
ing into  the  furnace  and  cooling  the  furnace  plates  above 
the  fire.  For  this  reason,  and  also  to  prevent  the  loss  of 
steam  pressure,  the  cleaning  should  be  done  quickly. 

873.  Banking  Fires. — Should  it  be  desirable  to  have 
a  boiler  lying  idle,  with  steam  up  and  the  fires  ready  to 
generate  steam  to  the  full  capacity  of  the  boiler  at  short 
notice,  the  fires  are  banked.  This  is  done  by  first  cleaning 
the  fire,  and  then  either  pushing  the  live  coal  against  the 
bridge  or  pulling  it  to  the  front  and  covering  it  with  fresh 
fuel.  The  fire  will  lie  smouldering,  the  air  supply  being 
regulated  by  the  damper,  the  fire  door,  and  the  ash-pit 
damper  just  enough  to  keep  the  fire  burning  sufficiently  to 
keep  up  the  steam  pressure.  When  it  is  desired  to  start  the 
fires  again,  some  of  the  fuel  covering  the  live  coal  is  skimmed 
off,  ^nd  the  live  coal  is  spread  over  the  grate.  The  fire  door 
is  then  closed,  the  ash-pit  and  smokestack  dampers  are 
opened  and  the  fire  allowed  to  burn  up,  for  two  or  three 
minutes,  perhaps,  when  it  is  covered  with  a  light  charge  of 
fresh  fuel. 

874.  Haullns  Fires — When  the  demand  for  steam 
suddenly  ceases,  as,  for  instance,  in  case  of  a  breakage 
necessitating  stoppage  of  the  engine  for  a  considerable 
period,  the  burning  fuel  has  to  be  drawn  from  the  furnace. 
The  hard  labor  entailed  in  hauling  the  fire,  as  it  is  termed, 
may  be  reduced  considerably  by  allowing  the  fire  to  burn 
low,  if  the  circumstances  permit  it.  When  it  becomes 
necessary  to  haul  the  fire,  in  case  of  the  water  getting  low  in 
the  boiler,  it  is  considered  the  best  practice  to  deaden  the 
fire  before  hauling  it  by  spreading  a  heavy  charge  of  fresh 
fuel  or  ashes  over  it. 

875.  LlKbtlns  Fires — To  Start  a  fire  the  grate  is 
lightly  covered  with  coal.     Wood  is  piled  evenly  on  top  of  it 
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and  covered  with  some  coal.  Greasy  waste  is  put  in  front 
of  the  wood.  This,  when  ignited,  will  soon  ignite  the  wood, 
the  fire  gradually  working  towards  the  bridge;  the  layer  of 
coal  below  the  burning  wood  protects  the  grate  bars  from 
the  heat,  and  thus  prevents  warping  of  the  bars.  As  soon 
as  the  wood  is  burning  freely  more  coal  is  put  on.  The  fire 
door  should  be  kept  open  while  the  wood  is  burning  and  the 
ash-pit  damper  shut.  The  fire  should  burn  very  slowly  at 
first,  so  as  not  to  injure  the  boiler  by  the  unequal  expansion 
of  its  various  parts.  The  rate  at  which  the  fire  burns  may 
be  regulated  by  the  smokestack  damper. 

876.  Practical  HIats  on  Flrln|[. — As  it  is  usually 
desirable  to  keep  the  steam  at  an  even  pressure,  the  following 
points  ought  to  be  observed :  Two  fires  in  the  same  boiler 
should  never  be  cleaned  at  once.  When  putting  a  fresh 
charge  of  fuel  into  the  furnace,  do  it  as  rapidly  as  possible 
to  avoid  the  inrush  of 
cold  air,  which  will  injure 
the  furnace  plates  and 
also  reduce  the  tempera- 
ture of  the  gases  of  com- 
bustion. Two  furnaces 
in  the  same  boiler  should 
not  be  charged  at  once,  ^'<^-  •*■■ 

as  the  fresh  charge  deadens  the  fire  and  reduces  the  genera- 
tion of  steam.  The  usual  method  of  managing  the  fire  is 
as  follows;  Let  A  and  B  be  two  single-ended  Scotch  boilers 
with  two  furnaces  each,  numbered  as  in  Fig.  243,  and  sup- 
pose that  bituminous  coal  is  used.  Furnace  No.  /  is  charged 
with  fresh  fuel;  the  fire  in  furnace  No.  2  is  leveled  off  with 
the  hoe;  the  fire  in  furnace  No.  S  sliced,  and,  next,  the 
grate  of  furnace  No.  4  is  cleaned  from  below ;  furnace  No.  IS 
is  now  charged  with  fuel,  and  No.  S  is  leveled.  No.  4  sliced, 
and  the  grate  of  No.  1  cleaned ;  furnace  No.  S  is  charged. 
No.  4  leveled.  No.  1  sliced,  and  the  grate  of  No.  2  cleaned; 
furnace  No.  4  's  charged.  No.  1  leveled,  No.  S  sliced,  and 
the  grate  of  furnace  No.  3  cleaned. 
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It  will  thus  be  seen  that  the  same  operation  is  not  re- 
peated at  the  same  time  in  one  boiler,  and,  furthermore, 
that  each  operation  is  performed  in  the  numerical  order  of 
the  furnaces.  Thus,  if  the  first  fire  sliced  were  in  furnace 
No.  3,  the  next  one  to  be  sliced  would  be  in  furnace  No.  4> 
the  next  one  in  furnace  No.  1,  and  the  next  one  in  No.  j8. 

It  will  be  observed  that  the  furnaces  numbered  with  the 
even  numbers  are  in  one  boiler;  those  with  the  odd  num- 
bers in  the  second  boiler. 

This  system  of  firing  is  in  vogue  in  sea-going  steamers, 
or  wherever  the  engineer  in  charge  believes  in  doing  work 
systematically.  Of  course,  the  system  may  be  varied  to 
suitvarying  conditions,  the  arrangement  of  the  operations 
as  described  being  intended  to  furnish  an  idea  as  to  a  syste- 
matic way  of  firing.  The  same  system  may  be  and  is  fol- 
lowed in  cleaning  fires.  The  length  of  time  a  fire  will  burn 
without  needing  cleaning  depends  on  the  amount  of  coal 
burned  and  the  quality  of  the  coal.  When  consuming  about 
15  pounds  of  coal  per  square  foot  of  grate  surface  per  hour, 
with  average  coal,  the  fire  will  burn  about  12  hours  before 
it  must  be  cleaned. 

877.  Lumps  of  coal  should  not  be  thrown  into  the  fire; 
it  should  be  broken  up  into  pieces  about  the  size  of  a  man's 
fist.  The  fresh  charge  of  fuel  should  be  spread  evenly  over 
the  fire.  With  irregular-sized  coal,  leveling  with  the  hoe 
has  to  be  resorted  to  some  time  before  a  fresh  charge  of  fuel 
is  put  into  the  furnace.  Should  it  be  noticed  while  charg- 
ing that  the  fire  has  burned  out  in  one  spot,  owing  to  clink- 
ers having  formed  on  the  grate  and  prevented  admission  of 
air  to  the  fuel  above  it.  or  to  the  burning  away  of  the  fuel, 
the  grate  should  be  cleaned  there,  and  the  open  spot  filled 
with  live  coal  before  a  fresh  supply  of  fuel  is  put  into  the 
furnace.  The  back  of  the  grate  should  not  be  allowed  to 
become  bare,  as  the  inrushing  cold  air  will  cool  the  hot  gases 
of  combustion  and  greatly  reduce  the  amount  of  steam 
generated.  The  ash  pit  should  be  kept  clean,  as  ashes 
accumulating  in  it  will  prevent  the  free  access  of  air  to  the 
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furnace.  The  length  of  time  that  air  is  admitted  above  the 
fire,  and  the  amount  of  it,  depend  upon  the  quantity  and 
quality  of  the  coal.  For  coal  rich  in  hydrocarbons  a  longer 
time  will  be  required  than  for  other  coal.  But  in  no  case 
should  air  be  admitted  after  the  hydrocarbons  are  expelled 
from  the  coal,  which,  with  anthracite,  will  be  in  two  or 
three  minutes  after  charging.  By  watching  the  steam 
gauge  the  condition  of  the  fires  can  be  told,  and  a  look  at 
the  burning  fuel  will  show  whether  fresh  fuel  is  needed,  or 
the  fires  require  slicing,  or  the  air  supply  is  insufficient, 
either  by  reason  of  the  damper  being  closed  or  the  grate 
clogged  up. 

878.  Before  cleaning  fires  it  is  often  advisable  to.in- 
crease  the  feed  and  to  work  up  the  steam  pressure,  and  to 
reduce  the  feed  while  cleaning.  A  certain  quantity  of  heat 
is  stored  up  in  the  extra  water  fed  into  the  boiler,  which  is 
liberated  when  the  feed  is  reduced,  and  tends  to  keep  up  the 
steam  pressure. 

A  hard-coal  fire  does  not  need  to  be  sliced,  as  no  crust  is 
formed  on  the  surface  of  the  fire.  Slicing  wilf  merely  mix 
the  cinders  and  clinkers  with  the  live  coal  and  deaden  the 
fire.  The  T  bar  should  be  run  in  under  the  fire  to  break  up 
the  cinders. 

When  burning  small-size  anthracite  coal,  it  is  advisable  to 
resort  to  alternate  firing.  If  a  thick  layer  of  anthracite  is 
spread  evenly  all  over  the  grate,  as  in  spreading  firing,  a  gas 
explosion  is  likely  to  occur.  This  may  thus  be  accounted 
for:  The  gases  driven  off  from  the  coal  by  the  heat,  when 
mixed  with  a  sufficient  quantity  of  oxygen,  form  an  explosive 
mixture.  Upon  opening  the  furnace  door,  air  rushes  into 
the  furnace,  mixes  with  the  gases  and  forms  the  mixture 
spoken  of,  which  needs  but  a  spark  to  ignite  it.  To  pre- 
vent all  danger  of  a  gas  explosion,  either  alternate  firing 
should  be  resorted  to,  or  a  spot  of  say  I  square  foot  in  area 
should  be  left  uncovered  when  charging  the  fire.  The 
gases  will  then  be  ignited  and  consumed  as  soon  as  they  are 
formed. 
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MANAGEMENT  AND  CARE  OF  BOILERS. 


INCRUSTATION. 

879.  The  solid  matter  contained  in  sea-water  consists 
chiefly  of  chloride  of  sodium  (salt),  sulphate  of  lime,  and 
carbonate  of  lime;  various  other  substances  are  usually 
present  in  minute  quantities. 

All  these  substances  are  held  in  solution  at  ordinary  tem- 
peratures, but,  with  the  exception  of  the  chloride  of  sodium, 
are  precipitated  when  the  temperature  of  the  water  is  raised. 
Chloride  of  sodium  is  not  precipitated  at  ordinary  tempera- 
tures until  the  water  has  become  saturated  with  it.  The 
point  at  which  the  different  substances  become  insoluble  has 
been  found  in  various  experiments  to  be  about  290°  F.  On 
becoming  insoluble,  the  agitation  of  the  boiling  water  keeps 
the  various  substances  suspended  for  some  time,  the  rapidity 
with  which  they  settle  varying  with  the  density  of  the  water, 
the  rapidity  of  the  circulation,  and  the  intensity  of  the 
ebullition. 

When  the  circulation  of  the  water  is  rapid,  the  various 
substances  are  carried  away  to  a  comparatively  quiet  place, 
where  they  are  precipitated  and  deposited  on  the  tubes  ol 
plates  of  the  boiler. 

880>  The  sulphate  of  lime  de[>ositing  on  the  plates  and 
tubes  forms  a  crust  varying  in  hardness  according  to  the 
other  substances  with  which  it  is  combined.  This  crust  is 
known  as  scale.  When' a  considerable  deposit  of  carbonate 
of  lime  is  present  in  the  boiler,  it  will  remain  soft  for  a  cer- 
tain time,  and  it  deposits  as  a  fine,  loose  powder  if  the  boiler 
is  cooled  down  very  slowly  before  emptying  it.  This  deposit 
can  be  washed  out  by  a  stream  of  water,  a  hose  being  used. 
Scale  deposited  on  the  plates  exposed  to  the  heat  of  the  Are 
may  lead  to  overheating,  as  scale  is  a  bad  conductor  of  heat. 
It  has  been  found,  however,  that  a  coating  of  scale  even  as 
thick  as  ^  inch  is  not  so  liable  to  lead  to  overheating  as  the 
fine  deposit  due  to  carbonate  of  lime,  especially  when  mixed 
with  organic  matter,    such  as  grease  or  oil.     The  grease 
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seems  to  combine  mechanically  with  the  carbonate  of  lime, 
and  when  deposited  on  the  plates  forms  a  loose,  spongy 
mass,  sticking  to  the  plates.  This  mass,  by  preventing  con- 
tact of  the  water  with  the  plates,  and  also  by  its  great  resist- 
ance to  the  transmission  of  heat,  leads  to  overheating  of  the 
plates.  The  following  simple  experiment  will  prove  that  a 
loose,  spongy  mass  is  more  likely  to  lead  to  overheating  than 
a  hard,  solid  layer  of  thick  scale: 

Take  an  ordinary  saucepan  and  coat  the  bottom  of  it  with 
plaster  of  paris,  which  acts  practically  the  same  as  sulphate 
of  lime  scale,  to  the  depth  of  about  J  inch.  It  will  be  found 
that  clean  water  can  be  boiled  with  but  a  small  risk  of  over- 
heating the  bottom  of  the  pan,  unless  the  fire  is  very  fierce. 
Next,  take  a  clean  saucepan  and  attempt  to  boil  some  water 
thickened  with  oatmeal  to  the  consistency  of  gruel.  In  con- 
sequence of  the  resistance  to  the  convection  of  heat,  unless 
circulation  be  promoted  by  stirring  the  compound,  the  bot- 
tom of  the  pan  will  soon  become  overheated  and  the 
compound  will  be  burned.  Carbonate  of  lime  may  cause 
overheating  in  still  another  way.  Carbonate  of  lime  is  held 
in  suspension  by  the  agitation  of  the  water  for  some  time 
before  precipitating,  and  covers  the  surface  of  the  water  as 
scum.  In  the  course  of  time  the  water  becomes  saturated 
with  the  substance,  and  as  it  offers  a  great  resistance  to  the 
free  escape  of  the  steam  bubbles,  as  well  as  preventing  to 
some  extent  the  convection  of  heat,  the  consequence  is  that 
the  water  is  lifted  off  the  plates  by  the  stean^  accumulating 
on  the  surface  of  the  plates,  and  their  overheating  is  likely 
to  follow.  To  prevent  overheating  due  to  this  cause,  the 
surface  blow-off  cock  should  be  used  while  the  carbonate  of 
lime  is  on  the  surface  of  the  water  in  the  form  of  scum,  and 
before  the  water  becomes  saturated.  Using  the  surface 
blow-off  cock  once  an  hour,  keeping  it  open  10  or  16  seconds 
at  a  time,  is  considered  good  practice. 

881 .  Sulphate  of  lime  is  not  held  in  suspension  for  any 
length  of  time,  but  is  deposited  as  soon  as  it  reaches  a  quiet 
place  in  the  boiler.     Hence,  the  formation  of  sulphate  of 
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lime  scale  can  not  be  prevented  by  the  use  of  the  surface  or 
bottom  blow-off  cocks.  It  may,  however,  be  prevented  and 
partially  removed  by  carbonate  of  soda,  the  common  wash- 
ing soda  of  commerce. 

The  carbonate  of  soda  and  sulphate  of  lime  combine, 
when  mixed  in  the  boiler,  to  form  sulphate  of  soda,  which  is 
very  soluble,  If  carbonate  of  lime  is  present,  it  is  precipi- 
tated by  the  soda.  As  is  well  known,  common  soda  dis- 
solves and  removes  grease,  and,  therefore,  it  is  often  used 
in  boilers  fed  with  greasy  water.  But,  as  its  use  will  lead 
to  violent  foaming,  the  surface  blowing-off  cock  must  be 
used  frequently.  The  soda  is  generally  introduced  by  fitting 
a  small  tank,  containing  the  soda  dissolved  in  water,  near 
the  condenser  and  connecting  the  tank  to  it  by  a  small  pipe 
provided  with  a  stop-cock. 

This  pipe  enters  from  the  top  of  the  tank,  reaching  to 
within  two  or  three  inches  of  the  bottom.  When  the  stop- 
cock is  opened,  the  pressure  of  the  atmosphere  forces  the 
soda  water  into  the  condenser,  whence  it  passes  with  the 
feed-water  into  the  boiler.  The  amount  of  soda  to  be  used 
is  found  by  experience.  It  may  vary  from  1  to  10  pounds 
or  more  a  day,  according  to  the  size  and  number  of  boilers. 

8S2.  Zinc  plates  have  been  found  by  experience  to  pre- 
vent and  remove  sulphate  of  lime  scale  to  some  extent. 
The  zinc  causes  sulphate  of  lime  to  deposit  in  the  form  of 
powder  instead  of  scale,  chiefly  upon  the  zinc.  Further- 
more, any  grease  present  in  the  boiler,  on  decomposing,  will 
form  fatty  acids,  which,  instead  of  corroding  the  iron  or 
steel  of  the  boiler,  will  attack  the  zinc.  It  has  been  found 
that  the  action  of  the  zinc  is  best  when  making  a  metallic 
contact  with  the  plates  of  the  boiler.  Iron  or  steel  studs 
are  screwed  into  the  sides  of  the  combustion  chamber,  and 
the  zinc  in  the  form  of  a  plate  about  10'  X  C  X  1'  is  bolted 
to  these,  taking  care  to  have  the  contact  surfaces  clean  and 
bright. 

The  usual  proportions  are  1  square  foot  of  zinc  to  every 
50  square  feet  of  heating  surface  in  new  boilers,  which  are 
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diminished  after  a  time  to  1  to  75,  or  even  1  to  100  square 
feet. 

883.  Such  scale  as  is  formed  and  not  removed  by  use 
of  either  soda,  or  zinc,  or  both,  must  be  removed  mechan- 
ically.    This  is  done  by  the  scaling  hammer   shown  in 
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Fig.  244  at  A,  and  the  scaling  bar  shown  at  B.  These  tools 
are  made  of  tool  steel,  and  ground  to  an  edge  similar  to  that 
of  a  cold  chisel. 

The  scaling  bar  is  made  of  various  sizes  and  shapes  to  suit 
various  conditions. 

Besides  leading  to  overheating,  the  presence  of  scale 
causes  an  enormous  waste  of  fuel ;  it  has  been  found  in  cer- 
tain actual  cases  that  a  thickness  of  scale  of  about  -^  inch 
has  required  an  extra  expenditure  of  fuel  of  about  15^. 
With  a  thickness  of  scale  of  f  inch,  the  extra  fuel  required 
to  evaporate  the  same  amount  of  water  was  about  PO^. 
Obviously,  the  best  way  to  prevent  the  formation  of  scale  is 
not  to  use  any  water  containing  the  substance  forming  it. 
The  chief  value  of  the  surface  condenser  lies  in  the  fact  that 
it  supplies  distilled  water  to  the  boiler. 

WBAR    AND    TEAR    OF    BOILERS. 

884.     As  is  well  known,  water  will  cause  iron  or  steel  to 
rust.     This  rusting,  known  as  corrosion,  either  internal 
or  external,  tends  to  shorten  the  life  of  the  boiler.     Internal 
corrosion  is  of  three  kinds. 
S.U.    I.— St 


.dbyGoogle 


464  STEAM   AND   STEAM  BOILERS. 

INTBRNAL  CORROSION. 

8S6.  1-  Uniform  Corrosion,  or  Wasting. — By  this 
is  meant  the  more  or  less  uniform  decrease  in  the  thickness 
of  the  plates,  extending  over  a  considerable  area.  This  is 
due  to  the  chemical  action  of  the  water,  and  seems  to  be 
rusting,  pure  and  simple. 

Owing  to  the  absence  of  any  well-defined  limit,  it  is  often 
hard  to  detect.  It  is  frequently  necessary  to  drill  a  hole 
through  the  plate  and  measure  the  thickness  to  find  the 
depth  of  corrosion.  Sometimes  the  presence  of  a  red  streak 
in  a  crack  of  the  scale  will  indicate  corrosion  below  it.  It  is 
usually  found  under  a  sulphate  of  lime  scale.  In  some  cases 
the  corroded  part  of  the  plate  clings  to  the  iron,  and  can 
only  be  detached  by  a  hard  blow  with  a  hammer,  when  a 
big  patch  will  come  off.  The  usual  places  in  which  uniform 
corrosion  may  be  looked  for,  are  the  sides  of  the  fur- 
naces about  on  a  line  with  the  grate  bars,  the  bottom  of 
the  ash  pits,  the  backs  of  the  combustion  chamber,  the 
shell  at  the  water-line,  and  the  front  and  bottom  of  the 
boiler. 

886.  2.  Pitting.— This  consists  of  a  series  of  small 
holes,  close  together,  eaten  into  the  plates  or  tubes,  honey- 
combing the  plate  as  it  were.  Tie  appearance  of  a  pitted 
plate  is  shown  in  Fig,  245.  It  is  due  to  chemical  action  of 
the  water  and  may  be  looked  for  anywhere.  It  has  been 
found  in  the  water  space  as  well  as  in  the  steam  space, 
and  even  in  the  steam  drums.  Pitting  is  especially  met 
with  in  boilers  using  distilled  water  from  surface  con- 
densers. 

Both  pitting  and  uniform  corrosion  may  be  prevented  to 
some  extent,  when  distilled  water  is  used,  by  allowing  a 
thin  scale,  say  about  ^  inch  thick,  to  form  on  the  plates  of 
the  boiler,  when  starting  out  after  cleaning  it.  This  is  done 
by  feeding  salt  water  for  a  short  time. 

887.  3.  Grooving  is  generally  caused  by  the  buckling 
action  of  the  plates  when  under  pressure.     Thus,  the  ordi- 
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nary  lap  joint  of  a  boiler  distorts  the  shell  slightly  from  a 
truly  cylindrical  form,  and  the  steam  pressure  tends  to  bend 
the  plates  at  the  joint.  This  bending  action  is  liable  to 
start  a  small  crack  along  the  lap,  which,  being  acted  upon 


by  corrosive  agents  in  the  water,  soon  deepens  into  a  groove, 
as  shown  in  Fig.  24G.  The  mark  made  along  the  seam  by  a 
sharp  calking  tool,  when  used  by  careless  workmen,  is  almost 
certain  to  lead  to  grooving. 

In  the  best  practice,  the  inside  butt  straps  are  never 
calked. 

As  a  rapid  circulation  of  the  water  will  equalize  to  some 
extent  the  strains  due  to  the  difference  in  temperature 
between  different  parts  of  the  plates,  a  promotion  of  the 
circulation,  when  found  to  be  sluggish,  will  have  a  good 
effect.  This  may  be  done  in  the  manner  described  in  the 
section  on  circulation. 

If  the  grooving  is  caused  by  the  cooling  action  of  the 
feed-water,  which  is  very  likely  to  be  the  case  when  the 
feed-water  is  delivered  in  a  body  on  the  shell  or  furnace 
plates,  the  remedy  would  be  to  employ  either  a  perforated 
pipe  to  distribute  the  water,  or  to  heat  the  feed-water, 
or  both. 
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EXTERNAL  C0BR08I0N. 

888.  External  corrosion  in  marine  boilers  is  due  to 
water  coming  in  contact  with  the  shell  and  rusting  it.  The 
water  may  either  come  from  leaky  seams  or  rivets,  or  it  may 
be  the  water  in  the  bilges  splashing  against  the  plates  when 
the  vessel  is  rolling.  Damp  air  will  also  rapidly  cause  cor- 
rosion. If  corrosion  is  due  to  leaks,  the  best  way  of  pre- 
venting it  is  to  stop  the  leaks;  and  a  thin  coat  of  red  lead 
paint  applied  when  the  plates  are  dry,  and  frequently  re- 
newed, will  stop  corrosion  due  to  the  other  two  causes. 

880*  BllBterln|[.— This  is  a  defect  sometimes  met 
with  in  wrought-iron  plates  exposed  to  the  intense  heat  of 
the  fire,  such  as  the  crown  sheets.  Through  imperfection 
in  the  manufacture  of  the  plate,  instead  of  being  solid,  tt  is 
laminated  in  spots;  that  is,  there  are  layers  of  iron  with  im- 
purities between  them.  As  these  impurities  are  poor  con- 
ductors of  heat,  the  layer  of  iron  exposed  to  the  fire  gets 
overheated  and  buckles  up,  forming  what  is  termed  a 
blister. 

8dO<  Overheating  may  cause  the  formation  of  a 
pocket,  as  shown  in  the  accompanying  figure,  which  repre- 


sents the  crown  sheet  of  a  flue  boiler.  In  this  instance  some 
greasy  waste  had  been  left  on  the  sheet  when  repairing  the 
boiler.  This,  in  the  manner  described  in  the  section  on 
incrustation,  led  to  local  overheating  of  the  sheet,  the  steam 
pressure  on  the  upper  side  of  it  causing  it  to  assume  the 
shape  shown  at  A.  Sometimes  overheating  causes  the  com- 
plete collapse  of  the  furnace  flues,  especially  when  greasy 
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feed-water  is  used.  Ooviousiy,  the  best  way  to  prevent  a 
collapse  is  to  keep  the  boiler  clean,  so  that  the  water  may 
always  be  in  contact  with  the  plates  composing  the  furnaces. 
Overheating  of  the  tops  of  the  combustion  chambers,  due  to 
low  water  in  the  boiler,  will  generally  cause  leakage  of 
the  tubes  expanded  into  the  overheated  part  of  the  tube 
sheet. 

891  •  Fractured  Plates. — Sometimes  the  metal  be- 
tween the  rivet  holes,  or  the  metal  between  the  rivet  holes 
and  the  edge  of  the  plate,  is  found  to  be  fractured.  This  is 
due  to  local  strains  set  up  by  expansion  and  contraction  of 
the  plates,  either  induced  by  cold  feed-water  being  brought 
in  contact  with  them,  or  by  the  plates  being  so  intensely 
heated  as  to  drive  the  water  away  from  the  plates.  Then, 
upon  cooling  down,  the  water  coming  in  contact  with  the 
plates  again,  will  cause  them  to  contract  suddenly  and 
fracture.  

INSPECTION    OF    BOILERS. 

892.  All  boilers  in  steam  vessels  coming  under  the 
jurisdiction  of  the  Board  of  Supervising  Inspectors  of  Steam 
Vessels,  must  be  tested  by  the  inspector  of  boilers  once  a 
year.  The  test  applied  is  known  as  the  hydrostatic  test. 
The  boiler  is  filled  with  water,  all  outlets  being  shut,  and  by 
means  of  a  small  force  pump  the  pressure  of  the  water  is 
gradually  increased  until  the  required  pressure  has  been 
reached,  which  is  ascertained  by  means  of  a  test  pressure 
gauge  supplied  by  the  inspector.  The  test  pressure  is  by  law 
one  and  one-half  times  the  working  pressure  of  the  boilers. 
The  object  of  the  hydrostatic  test  is  to  find  whether  the 
boiler  is  capable  of  withstanding  safely  the  working  pres- 
sure. At  the  same  time  it  will  reveal  the  presence  of  leaks, 
a  sudden  drop  in  the  pressure  denoting  a  serious  leak. 

The  hydrostatic  test  is  usually  supplemented  by  an  inter- 
nal and  external  inspection  of  the  boiler,  it  being  the  duty 
of  the  inspector  to  look  for  any  defects,  such  as  corrosion, 
either  internal  or  external,  pitting,  grooving,  evidence  of 
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overheating,  bagging,  blistering,  fractures,  etc. ;  in  fact,  to 
ascertain  the  condition  of  the  boiler. 

A  hammer  test  is  often  employed  to  find  the  condition  of 
the  plates.  A  blow  is  struck  with  a  light  hammer,  and  the 
condition  of  the  plate  is  judged  by  the  sound.  Considerable 
experience  is  necessary  to  judge  the  condition  of  the  plate 
in  this  manner,  and  the  student  is  recommended  to  test  plates 
known  to  have  certain  defects,  such  as  cracks,  corrosion, 
grooves,  pitting,  and  blisters,  and  compare  the  sounds  pro- 
duced. The  position  of  the  plate  in  the  boiler  has  a  great 
influence  on  the  sound,  and,  therefore,  no  rule  can  be  given 
which  would  apply  in  all  cases. 


CARB  OF  STBAM  BOILERS. 
893.  When  a  vessel  has  reached  port,  the  fire  remaining 
in  the  furnaces  is  hauled,  the  boilers  allowed  to  cool  down, 
if  possible,  and  emptied,  and  the  manhole  and  handhole 
covers  taken  off.  A  thorough  inspection  of  the  boiler  is 
made,  both  internally  and  externally,  and  all  necessary  re- 
pairs made.  The  mountings  are  next  examined,  first  of  all 
the  pipes  leading  to  the  water  column,  which  may  be  par- 
tially closed  with  sediment  or  scale  and  must  be  cleaned ;  then, 
the  gauge-cocks  are  put  in  order,  if  required.  With  the  high 
pressures  used  at  present,  these  need  frequent  regrinding. 
The  steam  valves  may  need  packing  or  repairing,  likewise, 
the  main  and  donkey  feed  check-valves,  the  safety  valves, 
and  all  other  attachments,  which  should  be  overhauled  as  far 


It  is  the  usual  practice  on  ocean  steamers  to  have  a  set 
time  for  overhauling  each  fitting  liable  to  wear  and  tear. 
For  instance,  say  once  a  month  each  check-valve  is  taken 
apart  and  examined,  whether  the  working  of  it  has  revealed 
any  trouble  or  not.  This  practice  is  considered  better  than 
to  wait  until  a  breakdown  has  occurred. 

When  the  ship  is  ready  to  leave  port,  the  lower  manhole 
and  handhole  covers  are  put  in  position,  and  the  boiler  filled 
with  water  to  the  required  depth,  generally  by  means  of  a 
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hose  introduced  into  the  top  manhole  and  connected  to  a 
hydrant  on  the  dock.  The  top  manhole  cover  is  next  put  in 
place  and  the  safety  valve  is  raised  off  its  seat.  The  blow-ofl[ 
connections  should  be  examined  to  see  if  they  are  properly 
shut.  It  is  good  practice  to  ease  all  steam  stop-valves  before 
raising  steam.  By  easing  a  valve  is  meant  the  opening  of 
it,  very  slightly,  just  enough  to  remove  it  off  its  seat.  If  a 
steam  valve  be  screwed  down  hard  while  cold,  it  will  often 
be  found  next  to  impossible  to  open  it  when  hot.  This  is 
due  to  the  friction  between  the  threads  of  the  stem  and  nut 
induced  by  the  elongation  of  the  stem  when  heated.  After 
all  these  precautions  are  taken,  the  fires  are  started  and 
allowed  to  burn  very  slowly  at  first,  so  as  not  to  strain  the 
boiler.  After  steam  is  raised  and  all  the  air  driven  out  of 
the  boiler,  the  safety  valve  is  lowered.  The  steam  pressure 
should  be  raised  very  gradually.  When  there  are  several 
boilers  connected  to  the  same  steam  main,  the  pressures  in 
all  should  be  equal  within  a  small  limit  of  variation,  say  two 
pounds,  before  connecting  them,  so  as  to  prevent  a  rush  of 
steam  from  one  boiler  to  another.  The  steam  stop-valve  of 
each  boiler  should  be  opened  but  a  little  at  first,  so  as  to 
warm  the  steam  pipes  gradually.  The  drain  from  the  main 
steam  pipes  should  be  opened  so  as  to  allow  all  water  collected 
in  the  pipe  to  escape.  If  the  steam  valves  were  suddenly 
opened  wide,  it  might  lead  to  an  explosion  of  the  boiler,  as 
has  been  shown  by  some  experiments  made  by  Prof.  Thurston 
with  marine  boilers.  If  there  happens  to  be  water  collected 
in  the  pipe,  the  steam  rushing  in  at  a  high  velocity  will 
drive  the  water  ahead  of  it,  and  the  momentum  of  the 
water  dashing  against  the  closed  end  of  the  pipe  may  cause 
it  to  break;  this  is  technically  known  as  the  water  hammer. 
After  the  main  steam  pipe  has  been  warmed  thoroughly, 
the  steam  stop-valves  may  be  gradually  opened  wide,  shutting 
off  the  drain  after  a  few  minutes.  The  main  steam  stop- valve 
is  next  opened,  the  engine  warmed  up  and  started,  taking  care 
to  open  the  main  feed  check-valves,  if  attached  plunger  feed- 
pumps are  used.  The  damper  is  then  opened,  and  the  fires 
allowed  to  burn  up  as  the  demand  for  steam  increases.     The 
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management  of  the  fires  has  been  treated  of  previously.  The 
water  level  while  running  should  be  kept  as  nearly  constant 
as  possible.  Should  the  demand  for  steam  cease  suddenly, 
as  in  case  of  stoppage  of  the  engine  for  a  short  period,  the 
damper  must  be  shut  and  the  furnace  doors  opened.  The 
injector  or  donkey  feed-pump  should  also  be  started,  both  to 
keep  up  the  circulation  and  to  keep  down  the  steam,  as  with  a 
surface  condenser  all  steam  blown  off  through  the  safety 
valves  represents  fresh  water  lost.  If  stopped  for  a  con- 
siderable period,  it  may  be  necessary  to  bank  or  to  haul  the 
fires. 

894.  Low  Water. — Should  the  water  get  low  in  the 
boiler,  that  is,  fail  to  issue  from  the  lowest  gauge-cock  when 
this  is  opened,  oris  out  of  sight  in  the  gauge  glass,  or  should 
the  fusible  plug  give  warning,  the  fires  in  the  boiler  should 
be  covered  with  ashes  or  fresh  coal,  the  damper  closed  and 
the  steam  worked  off  with  the  engine,  and,  if  feasible,  all 
auxiliary  engines  started  up.  Under  tio circumstances  should 
the  safety  valve  be  disturbed  or  feed-water  be  admitted  to  the 
boiler,  as  it  may  lead  to  an  explosion.  The  boiler  should  be 
allowed  to  cool  down  gradually,  then  be  emptied  and  the 
manhole  and  handhole  covers  taken  off,  after  which  a  thor- 
ough inspection  should  be  made,  looking  for  evidence  of 
overheating.  Before  using  the  boiler  again,  it  should  be 
put  inagoodcondition.  A  report  must  be  made  to  the  boiler 
inspector  of  any  defects  or  accidents  to  the  boiler. 

895.  The  following  are  the  rules  and  directions  gen- 
erally given  for  the  guidance  of  firemen  and  attendants  in 
the  performance  of  their  duties: 

1.  Firing. — Keep  the  fire  of  uniform  thickness,  and 
allow  no  airholes  in  the  bed  of  fuel.  Fire  evenly  and 
regularly,  and  not  too  much  at  a  time.  Keep  the  fire  free 
from  ashes  and  clinkers,  and  as  clean  at  the  corners  and 
edges  as  at  the  center.  Keep  the  ashpit  clear.  Do  not  clean 
the  fires  oftener  than  necessary. 

2.  wrater  Level. — The  first  duty  of  the  fireman  upon 
going  to  work  should  be  to  examine  the  water  level.     The 
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gauge-cocks  should  be  tried ;  the  gauge  glass  is  not  always 
reliable.  In  a  battery  of  boilers  the  gauge-cocks  on  each 
boiler  should  be  tried.  Some  serious  explosions  have  re- 
sulted from  the  fact  that  the  fireman  only  consulted  the 
water  level  in  the  first  boiler  and  took  it  for  granted  that 
the  level  in  the  other  boilers  was  the  same. 

3.  Foatnlns  or  PrlmliiK. — In  case  of  foaming,  close 
the  throttle  valve  of  the  engine  or  the  stop-valve  of  the 
supply  pipe,  and  keep  it  closed  long  enough  to  show  the  true 
water  level.  The  foaming  can  generally  be  stopped  by 
blowing  off  and  feeding  fresh  water.  In  cases  of  violent 
foaming,  due  to  dirty  water  or  to  a  change  from  fresh  to  salt 
water,  check  the  draft  and  cover  the  fire  with  fresh  coal. 

4.  Leaks. — When  leaks  are  discovered  they  should  be 
repaired  at  once. 

5.  Filling  Up. — Allow  the  boiler  to  become  cool  before 
pumping  in  cold  water ;  the  practice  of  filling  a  hot  boiler 
with  cold  water  causes  leaks  and  fractures,  and  sometimes 
explosions. 

6.  Safety  Valves. — Raise  the  valves  from  their  seats 
cautiously  and  frequently.  Do  not  allow  the  valve  to  be 
overloaded. 

1.  Pressure  Gauge. — The  pressure  gauge  should  stand 
at  0  when  the  steam  pressure  is  off,  and  it  should  indicate  the 
blowing-ofE  pressure  when  the  safety  valve  is  in  action.  If 
the  gauge  does  not  do  this,  it  should  be  compared  with  a 
standard  gauge,  and,  if  wrong,  corrected. 

8.  Gauge-Cocks  and  Gauge  Glasses  should  be  kept 
clean  and  in  constant  use.  The  water  gauge  should  be 
blown  out  frequently,  and  the  glasses  and  passages  to  gauges 
kept  clean.  An  obstructed  gauge  sometimes  shows  a  false 
water  level.  The  Manchester  Boiler  Association  attributes 
more  accidents  to  this  cause  than  to  all  others  combined. 

9.  Removal  of  Sediment  and  Incrustation. — Scale 
and  sediment  should  be  frequently  removed.  In  tubular 
boilers,  particularly,  the  handholes  or  manholes  should  be 
frequently   opened   and   the   sediment   removed   from    the 
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portions  of  the  plate  over  the  furnace  or  the  crown  of  the 
frame.  Care  should  be  taken  to  keep  the  boiler  as  free  as 
possible  from  incrustation. 

10.  Cleaning: — All  heating  surfaces  should  be  kept  free 
from  soot  and  dirt.     Tubes  should  be  often  cleaned  out. 

11.  Exterior  of  Boiler. — Care  should  be  taken  that  no 
water  comes  in  contact  with  the  exterior  of  the  boiler,  either 
from  leaky  joints  or  other  sources.  Avoid  dampness  in  the 
setting  or  in  the  covering  of  the  boiler.  Dampness  leads  to 
external  corrosion. 

12.  Blisters  and  Cracks. — A  blister  should  be  at  once 
examined  and  trimmed  or  patched.  If  a  plate  is  badly 
cracked,  it  must  be  renewed. 

13.  Fusible  PluKB  should  be  examined  when  the  boiler 
is  cleaned,  and  scraped  clean  on  both  sides;  otherwise,  they 
are  liable  to  prove  worthless. 

14.  Air  Leaks. — See  that  the  furnace,  combustion 
chamber,  and  smoke  flue  are  tight.  The  admission  of  air 
through  the  brickwork  of  the  setting  is  sometimes  a  source 
of  considerable  loss. 

15.  Galvanic  Action — Examine  the  parts  of  the  boiler 
where  brass  or  copper  and  iron  come  in  contact  in  the 
presence  of  water.  Galvanic  action  may  produce  corrosion 
under  such  circumstances;  if  such  be  the  case,  the  cor- 
rosion may  be  prevented  by  placing  pieces  of  zinc  in  the  boiler. 

16.  Rapid  Firing. — Steam  should  be  raised  slowly  in 
boilers  with  thick  seams  or  seams  exposed  to  the  fire. 
Otherwise,  overheating  may  occur. 

17.  Cleanliness. — The  boiler  room,  boiler,  and  mount- 
ings should  be  kept  clean  and  in  good  order. 

18.  Unused  Boilers  may  be  kept  in  good  condition  by 
filling  them  full  of  water  in  which  a  quantity  of  common 
washing  soda  has  been  placed.  Another  method  is  to 
empty  the  boiler,  dry  it  thoroughly,  place  trays  of  quick- 
lime in  the  bottom,  and  seal  it  as  nearly  air-tight  as  pos- 
sible.    The  latter  method  is  often  used  for  marine  boilers. 
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REPAIRS  OP  BOILERS. 
896.     The  repairs  that  can  be  made  by  the  engineer  are 
confined  to  patching  plates,  expanding  leaky  tubes,  putting 
in  a  new  staybolt,  and  other  minor  repairs. 

S97.  By  the  term  hard  patcb  is  meant  a  patch 
riveted  to  the  worn  part  of  the  plate  to  be  repaired.  It  is 
made  of  a  piece  of  plate  considerably  larger  than  the  worn 
part,  and  fitted  on  the  inside  of  the  boiler,  so  that  the 
pressure  may  not  force  it  off. 


(  patch  put  on  with  studs  or 


898.  A   soft  patch  is  s 

bolts  and  nuts. 

Leaky  tubes  are  made  tight  by  expanding  them  i 
manner  previously  explained. 
If    the   tube   ends  are   much  . 
worn,  it  may  be  necessary  to  \ 
drive   them  slightly   into  the 
combustion  chamber,  and  ex- 
pand and  rebead  them.    Some-   , 
times  the   tube  sheet  will  be  ' 
found   cracked    between    two 
tubes.     This  may  be  repaired  ^°"  ** 

temporarily  by  fitting  a  plate  over  the  cracked  part  in  the 
manner  shown  in  Fig.  248,  and  bolting  it  to  the  tube  sheet. 

899.  Split  tubes  may  be  repaired  temporarily  by  using 
the  tube  stopper  shown  in  Fig.  249.  Washers  A  and  B, 
having  a  rubber  ring  /  about  ^  inch  thick  between  them. 


are  placed  on  each  end  of  a  tie  bolt  C,  provided  with  nuts 
and  washers  on  each  end;  a  sleeve  I?  made  of  gas  pipe  is 
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placed  between  the  two  pairs  of  washers.  The  distance  L 
is  made  about  1  inch  less  than  the  length  of  the  tube. 

To  stop  a  leaky  tube,  the  stopper  is  inserted  from  the 
front,  and  the  nut  E  is  tightened,  the  bolt  being  held  by  a 
wrench  put  on  the  square  end  F  of  the  bolt,  to  prevent  it 
from  turning.  Tightening  the  nut  E  draws  the  washers  A 
and  B  together,  compressing  the  rubber  and  making  a 
water-tight  joint. 

GRATE  AREA  AND  HEATING  SURFACE. 

OOO.  The  grate  area,  or  grate  surface*  depends 
upon  the  rate  of  combustion,  the  evaporation  per  pound  of 
fuel,  and  the  total  weight  of  steam  evaporated  per  hour. 

For  example,  a  Scotch  boiler  generates  8,000  pounds  of 
steam  per  hour.  Supposing  the  rate  of  combustion  to  be  16 
pounds  of  coal  per  square  foot  of  grate  area  per  hour,  and 
the  evaporation  to  be  8  pounds  of  water  per  pound  of  coal, 
8,000 
'  l(i  X  8" 

grate  area  would  necessarily  be  divided  between  several 
furnaces,  as  a  grate  longer  than  6  feet  can  not  be  easily 
fired,  while  the  width  is  limited  to  four  or  six  feet  by  prac- 
tical considerations.  Assuming  the  dimensions  of  the 
grate  to  3  feet  6  inches  by  6  feet,  the  above  grate  area  would 

require  - 

From  the  above  method  of  calculating  the  grate  area,  the 
following  rule  may  be  deduced: 

Let  G  =  area  of  grate  in  square  feet  ; 

/f=  area  of  heating  surface  in  square  feet  ; 

E^  rate  of  combustion  in  pounds  per  square  foot  of 

grate  area  per  hour; 
W=  weight  of  steam  generated  per  hour  by  boiler  or 

boilers; 
E  =  evaporation  in  pounds  of  water  per  pound   of 

coal. 
R  =:  ratio  of  heating  surface  to  grate  area. 
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Rule  1«5. —  To  find  the  grate  area  of  a  boiler,  divide  the 
weight  of  steam  generated  per  hour  by  the  product  of  the 
rate  of  combustion  and  the  evaporation. 

That  is,  e  =  ^. 

In  rule  1«5  no  account  has  been  taken  of  the  difference 
in  the  number  of  heat  units  required  to  evaporate  steam 
from  different  temperatures  of  feed-water  into  steam  at  dif- 
ferent pressures.  Hence,  the  rule  is  but  an  approximation, 
but  close  enough  for  most  practical  work. 

The  evaporation  per  pound  of  coal  for  Scotch  and  fife- 
box  boilers  is  approximately  as  given  in  the  following 
table: 

TABLE  30. 


Coal  per  hour  per  sq.  ft.  of  grate 
area.     From 


Pounds  of  water  evaporated  per 
pound  of  coal 


14-18 
8,25 


For  water-tube  boilers  add  \  pound  to  the  evaporation. 

EXA¥PI.E.~A  Scotch  boiler  is  to  generate  T.BOO  lb.  of  steam  per 
hour,  burning  best  bituminous  coal.  What  should  be  the  grate  area, 
provided  the  height  of  the  smokestack  is  66  ft.  ? 

Solution.— The  amount  of  bituminous  coal  which  may  be  burned 
per  square  foot  of  grate  area  is.  from  rule  163,  18.28  pounds.  From 
the  table  above,  the  evaporation  per  pound  of  coal  may  be  taken  at  7.6 
pounds  of  water. 

Substituting  the  values  found,  we  have 
7.5O0 


18.2SX 


;r  =  54.7sq.  ft     Ans. 


901.  HeatlnjE  Surface.  —  To  generate  sufficient 
steam,  the  heating  surface  of  the  boiler  must  bear  a  certain 
ratio  to  the  grate  surface.  This  ratio  R  in  Scotch  and  fire- 
box boilers  varies  from  30  to  35.  That  is,  there  are  from  30 
to  35  square  feet  of  heating  surface  to  every  square  foot  of 
grate  surface. 

For  water-tube  boilers,  the  ratio  varies  between  35  and  40. 
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From  the  foregoiini;  we  may  deduce  the  following 
approximate   rule: 

Rule  1«6. —  To  find  the  necessary  heating  surface  of  a 
boiler,  multiply  the  grate  surface  by  the  number  of  square 
feet  of  heating  surface  to  be  allowed  for  every  square  foot 
of  grate  surface; 

or,  H  =  RG. 

ExAHPLB. — Find  the  beating  surface  for  the  boiler  mentioned  in 
the  last  example,  using  a,  ratio  of  heating  surface  to  grate  surface  of 
85  :  1 ;  that  is,  take  ^  =  35. 

Solution.— //^=  35  X  64.7  =  1,914.5  sq.  ft.     Ana. 

902.  What  constitutes  the  heating  surface  has  been 
treated  of  previously  in  Art.  680.  Since  a  great  part  of 
the  heating  surface  of  tubular  boilers  is  furnished  by  the 
tubes,  particular  attention  must  be  paid  to  their  arrange- 
ment. The  tubes  are  from  2  to  3^  inches  in  diameter  and 
are  arranged  in  horizontal  and  vertical  rows ;  if  staggered, 
they  hinder  the  circulation  of  the  water.  The  tubes  are 
usually  arranged  in  nests,  the  space  between  the  nests  being 
large  enough  to  admit  a  man's  body.  The  pitch  of  the 
tubes,  that  is,  the  distance  from  center  to  center,  should  be 
from  1 J  to  \\  times  the  diameter  of  the  tube.  The  distance 
between  the  shell  and  outer  row  of  tubes  should  not  be  less 
than  5  inches,  preferably  more.  Neither  should  the  lowest 
row  of  tubes  (in  a  Scotch  boiler)  be  placed  too  close  to  the 
furnace.  By  leaving  a  space  of  about  12  inches  or  more 
between  the  furnace  and  the  lowest  row  of  tubes,  a  large 
body  of  water  rests  directly  over  the  fire,  and  good  circula- 
tion is  insured.  Furthermore,  the  space  greatly  facilitates 
examination  and  repairs. 

The  steam  space  is  usually  made  from  i  to  ^  the  cubical 
contents  of  the  boiler,  the  larger  steam  space  being  preferable, 
as  there  is  more  likelihood  of  the  steam  being  dry. 

The  actual  amount  of  steam  space  largely  depends,  how- 
ever, on  the  speed  of  engines  and  the  pressure  carried.  A  set 
of  engines  in  a  screw  steamer  running  at  150  revs,  and  car- 
rying 180  lb.  of  steam  would  not  require  so  much  steam  space 
as  a  paddle  boat  making  CO  revs,  and  using  steam  at  80  lb. 
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BOILER    EXPLOSIONS. 

903.  Boiler  explosions  are,  in  nearly  all  cases,  due  to 
one  cause  only — overpressure  of  steam.  Either  the  boiler  is 
not  strong  enough  to  safely  carry  its  working  pressure,  or 
else  the  pressure  has  been  allowed  to  rise  above  the  usual 
point  by  the  sticking  or  overloading  of  a  safety  valve  or  some 
similar  cause. 

A  boiler  may  be  unfit  to  bear  its  working  pressure  for  any 
of  the  following  reasons:  1.  Defective  design.  !i.  Defects 
in  workmanship  or  material.  3.  Corrosion  and  wear  and 
tear  in  general.     4.   Mismanagement  in  operation. 

004.  Defective  design  consists  chiefly  of  designing 
boilers  in  such  a  manner  that  access  to  the  places  liable  to 
wear  and  tear  can  not  be  had.  The  writer  has  seen  several 
Scotch  boilers  in  which  it  was  a  practical  impossibility  for 
the  engineer  to  esamine  the  top  of  the  furnaces,  the  space 
between  the  nests  and  the  tubes  being  but  7  inches.  De- 
fective water  circulation  in  a  boiler  may  lead  to  excessive 
incrustation  and  consequent  collapse  of  the  furnaces;  a 
poorly  designed  feed  apparatus  may  also  cause  a  disastrous 
explosion. 

d05.  Defects  of  workmanship  and  material  may  include 
the  choice  of  faulty  material,  containing  blisters,  lamina- 
tions, etc.;  burned  and  broken  rivets;  plates,  burned  or 
otherwise  injured  in  flanging,  bending,  or  welding;  scoring 
of  the  plates  along  the  joints  by  sharp  calking  tools;  injury 
of  the  plates  by  the  reckless  use  of  the  drift  pin.  Old  plates 
may  be  injured  in  patching  them  with  new  plates  by  the 
operation  of  removing  the  old  rivets  and  putting  in  the  new 
ones,  and  also  by  the  greater  expansion  and  contraction  of 
the  new  plates  when  exposed  to  fire. 

900.  The  strength  of  the  shell  may  be  weakened  by 
corrosion,  pitting,  and  grooving.  In  some  boiler  explosions 
the  plates  have  been  found  wasted  to  little  more  than  the 
thickness  of  paper. 

907.  Fractures,  which  ultimately  end  in  explosions, 
may  be  produced  by  letting  the  cold  feed-water  come  directly 
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in  contact  with  the  hot  plates.  (It  has  already  been  re- 
marked that  the  feed  should  be  introduced  into  the  coolest 
part  of  the  boiler. ) 

&08.  External  corrosion  is  a  fruitful  source  of  boiler  ex- 
plosions, especially  in  water-tube  boilers.  In  one  case  wet 
ashes  were  allowed  to  accumulate  in  the  ash  pit,  and  the  sub- 
sequent corrosion  of  the  tubes  led  to  a  rupture  causing  the 
loss  of  several  lives. 

909>  It  has  been  previously  explained  how  incrustation 
or  the  presence  of  gftise  may  lead  to  the  formation  of  pock- 
ets. If  the  pocket  is  not  removed  and  replaced  by  a  patch, 
rupture  and  explosion  are  liable  to  result. 

910.  The  pressure  of  the  steam  may  be  allowed  to  rise 
above  the  normal  blowing-off  pressure  by  neglect  or  mis- 
management. The  safety  valve  may  be  neglected  and 
allowed  to  stick  fast  to  its  seat.  In  one  case  a  safety  valve 
recovered  from  a  boiler  explosion  was  found  to  be  corroded 
to  such  an  extent  that  a  pressure  of  1}  tons  was  required  to 
start  it  from  its  seat.  Again,  the  5afi;ty  valve  may  be  tem- 
porarily shut  off  from  the  boiler  by  a  stop-valve.  Numerous 
very  disastrous  explosions  have  been  due  to  this  cause.  It 
can  not  be  too  strongly  emphasized  that  a  stop-valve  should 
never  be  placed  between  the  safety  valve  and  the  boiler.  In 
fact,  this  is  forbidden  by  law.  Overpressure  and  conse- 
quent explosion  may  be  caused,  also,  by  the  practice  of 
overweighting  the  safety  valve. 

911.  Low  water  is  the  cause  ascribed  to  many  explo- 
sions. It  was  formerly  the  custom  to  consider  nearly  every 
boiler  explosion  as  due  to  shortness  of  water.  It  is  now 
known,  however,  that  externally  fired  boilers  rarely  explode 
on  account  of  low  water,  though  internally  fired  boilers  may 
do  so. 

The  tubes  of  a  return-tubular  boiler  may  stand  a  large 
amount  of  overheating  before  giving  way,  and  it  is  next  to 
impossible  to  burst  a  plain  cylindrical  boiler  by  low  water, 
as  long  as  it  contains  any  water  at  all.     Low  water  may  lead 
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to  explosion,  however,  in  the  following  manner:  The  un- 
covered plates  become  red  hot,  and  upon  being  suddenly 
covered  with  fresh  cold  feed-water  may  suddenly  contract 
to  such  an  extent  as  to  produce  rupture. 

912.  The  superheating  of  the  water  is  supposed  to  have 
produced  explosions  in  rare  instances.  It  has  been  observed 
that  water  from  which  the  air  has  been  expelled  may  be 
heated  10°  or  20°  above  its  normal  boiling  point  without  any 
signs  of  boiling.  Upon  being  agitated,  as  by  the  introduc- 
tion of  fresh  feed-water,  the  volume  of  ^uperheated  water, 
flashing  suddenly  into  steam  might,  under  favorable  condi- 
tions, produce  a  pressure  great  enough  to  cause  an  explosion. . 

&13.  A  weak  boiler  may  possibly  be  exploded  by  a 
sudden  opening  or  closing  of  the  throttle  valve.  That  such 
an  explosion  is  possible  is  shown  by  the  following  experiment 
made  by  the  United  States  Inspectors:  A  cylindrical  boiler 
was  tested  and  withstood  a  steam  pressure  of  300  pounds 
without  injury.  It  was  then  filled  again  and  the  steam 
pressure  was  run  up  gradually,  the  discharge  valve  being 
opened  at  intervals  and  the  fall  in  pressure  noted.  When  the 
valve  was  suddenly  opened  at  a  pressure  of  235  pounds,  the 
boiler  was  torn  into  fragments,  the  iron  being  twisted  and 
torn  and  thrown  in  all  directions.  The  sudden  rush  of  steam 
from  the  boiler  into  the  discharge  pipe  reduces  the  pressure 
in  the  boiler  very  rapidly;  the  reduction  of  pressure  causes 
a  sudden  formation  of  a  great  quantity  of  steam  within  the 
water,  and  the  heavy  mass  of  water,  thrown  towards  the 
opening  with  great  violence,  strikes  the  portions  of  the  boiler 
near  the  opening  and  bursts  it  open. 

Explosions  from  this  cause  are  probably  rare;  still,  it  is 
well  to  use  caution  in  opening  or  closing  stop-valves  or  safety 
valves. 

The  destructive  nature  of  a  steam-boiler  explosion  is  due 
to  the  enormous  amount  of  energy  stored  in  the  steam  and 
heated  water.  Prof.  Thurston  calculates  that  a  cubic  foot 
of  water  heated  at  constant  volume  until  its  pressure  is  (iO 
to  70  pounds  per  square  inch,  has  about  the  same  energy  as 
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a  pound  of  gunpowder,  and  that  the  energy  stored  in  a  plain 
cylindrical  boiler  at  100  pounds  pressure  is  sufficient  to 
project  it  to  a  height  of  over  3^  miles. 

914.  If  a  boiler  fractures  while  undergoing  the  hydro- 
static test,  the  water  escapes  through  the  rent  in  the  plate 
and  no  explosion  takes  place,  because  the  cold  water  has 
little  or  no  stored  energy.  But  when  a  boiler  filled  with  steam 
and  water  at  high  temperature  fractures,  a  violent  explosion 
generally  follows.  The  steam  escaping  through  the  opening 
diminishes  the  pressure,  and,  consequently,  a  new  body  of 
steam  is  formed  from  the  water,  which,  by  escaping,  lowers 
the  pressure  still  more,  allowing  the  formation  of  another 
new  body  of  steam  at  a  lower  pressure,  and  this  operation  is 
continued  until  the  pressure  reaches  that  of  the  atmosphere. 
This  formation  of  successive  large  bodies  of  steam,  occur- 
ring, as  it  does,  almost  instantly,  can  not  fail  to  produce  a 
disastrous  explosion.  Generally  speaking,  the  larger  the 
body  of  the  contained  water,  the  more  disastrous  is  the  result. 
The  safety  of  water-tube  boilers  is  thus  accounted  for  by  the 
fact  that  they  consist  of  numerous  parts  or  sections,  each 
containinga  relatively  small  body  of  water.  The  bursting  of 
one  of  these  sections  is  unusual  on  account  of  its  small  diam- 
eter, and  should  it  occur,  no  disastrous  explosion  would  be 
likely  to  follow,  on  account  of  the  small  quantity  of  contained 
water. 

Boiler  explosions  may  be  prevented  by  the  use  of  a 
properly  designed  and  well-made  boiler,  and  ensuring  for  it 
careful  management.  The  boiler  must  be  regularly  in- 
spected, repaired  when  necessary,  and  removed  before 
becoming  so  worn  out  as  to  be  dangerous. 


BOILER  TRIALS. 
91 5.  Boiler  trials  are  made  to  determine  the  efficiency 
of  the  boiler;  that  is,  to  determine  what  percentage  of  the 
heat  of  the  coal  is  usefully  expended  in  heating  the  water. 
Sometimes  the  object  of  the  trial  of  the  marine  boiler  is  to 
determine  the  quantity  of  water  evaporated  into  steam  at  a 
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given  pressure  for  1  pound  of  the  fuel,  and  sometimes  to 
determine  the  quantity  of  coal  or  steam  consumed  by  a 
given  engine. 

Boiler  trials  will  usually  have  to  be  made  while  the  vessel 
is  tied  to  a  dock,  unless  it  is  navigating  in  still  waters,  as  the 
rolling  or  pitching  of  the  vessel  would  greatly  interfere  with 
the  accuracy  of  the  observations  made  with  the  different 
instruments  used.  The  method  of  making  a  boiler  trial  is, 
briefly,  as  follows:  The  water  fed  into  the  boiler  during  the 
trial  is  weighed,  the  temperature  of  the  feed-water  is  noted, 
and  also  the  average  pressure  of  the  steam  throughout  the 
trial.  From  the  data  thus  obtained  the  number  of  B.  T.  U. 
usefully  expended  in  evaporating  the  water  may  be  cal- 
culated by  the  aid  of  the  steam  table.  The  coal  used 
during  the  test  is  also  weighed.  Knowing  the  B.  T.  U.  de- 
veloped by  a  pound  of  coal,  the  total  heat  supplied  to  the 
furnace  is  readily  calculated. 

A  convenient  plan  for  weighing  the  coal  is  to  have  a  box 
with  one  side  open  placed  on  a  platform  scale.  A  weight  is 
placed  on  the  scale  beam  just  heavy  enough  to  balance  the 
empty  box.  The  scale  is  then  set  at  400,  600,  or  COO  pounds, 
as  desired.  The  coal  is  shoveled  into  the  box  until  the  beam 
rises.  By  this  means,  the  box  contains  just  400,  500,  or  600 
pounds,  as  desired.  The  coal  is  then  fed  from  the  box  into 
the  furnace. 

After  the  test  is  over,  the  ashes  and  clinkers  are  raked 
from  the  ash  pit  and  weighed.  This  weight  is  deducted 
from  the  weight  of  the  coal  and  gives  the  weight  of  the  coal 
actually  burned,  or  the  weight  of  the  cotnbusiibU,  as  it  is 
called. 

A  convenient  method  of  measuring  the  feed-water  de- 
livered to  the  boiler  is  to  have  two  tanks  A  and  B,  Fig.  250, 
one  above  the  other.  The  supply  of  water  is  fed  through 
the  pipe  C  into  the  upper  tank  A,  which  rests  on  a  platform 
scale  D.  After  balancing  the  tank,  the  scale  may  be  set  to 
weigh  500  or  GOO  pounds  of  water,  the  water  being  run  in 
until  the  beam  rises,  and  then  shut  off.  The  upper  tank  is 
provided  with  a  pipe  E  and  valve  F,  by  means  of  which  the 
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water  may  be  discharged  into  the  lower  tank,  from  which  it 
is  (ed  to  the  boiler  through  the  pipe  G. 


The  attendant  who  keeps  the  record  of  coal  supply  or 
water  supply  should  become  accustomed  to  making  the  tally 
on  his  blank  just  before  or  after  some  regular  operation. 
For  example,  the  person  who  weighs  the  feed-water  should 
record  each  tank  full,  say,  immediately  after  closing  the 
valve  in  the  supply  pipe,  or,  perhaps,  after  emptying  the 
upper  tank  into  the  lower.  If  this  precaution  is  not 
observed,  the  attendant  is  liable  to  become  uncertain  as  to 
whether  he  has  recorded  the  previous  data,  and  a  mistake  is 
almost  certain  to  result,  A  boiler  trial  may  consist  simply 
of  an  ordinary  run  of  10  or  12  hours,  the  only  things  observed 
being  the  weight  and  temperature  of  feed-water,  the  weight 
of  coal,  and  pressure  of  steam.  On  the  other  hand,  the  trial 
may  be  very  elaborate,  including  the  analysis  of  coal  and ' 
flue  gases,  tests  of  quality  of  steam,  and  many  other 
refinements. 

A  standard  method  of  making  boiler  trials  has  been 
adopted  by  the  American  Society  of  Mechanical  Engineers. 
The  code  of  rules  given  should  be  followed  whether  the  trial 
is  simple  or  elalrorate.  The  following  is  the  standard  method 
in  full: 
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CODB  OF  RtlLBS  FOR  BOILER  TRIALS. 

916.  Prsllmlnarles  to  a  Test. — I.  In  preparing 
for  and  in  conducting  trials  of  steam  boilers,  the  specific 
object  of  the  proposed  trial  should  be  clearly  defined  and 
steadily  kept  in  view. 

II.  Measure  and  record  the  dimensions,  position,  etc., 
of  grate  and  heating  surfaces,  flues,  and  smokestack ;  pro- 
portion of  air  space  in  the  grate  surface,  kind  of  draft, 
natural  or  forced. 

III.  Put  the  boilers  in  good  condition.  Have  all  the 
heating  surfaces  clean,  inside  and  out,  grate  bars  and  sides 
of  furnace  free  from  clinkers,  dust  and  ashes  removed  from 
back  connections,  leaks  in  uptakes  stopped,  and  all  obstruc- 
tion to  draft  removed.  See  that  the  damper  will  open  to 
full  extent,  and  that  it  may  be  closed  when  desired.  Test  for 
leaks  in  uptakes  by  Bring  a  little  smoky  fuel  and  immediately 
closing  damper ;  the  smoke  will  then  escape  through  the  leaks. 

IV.  Have  an  understanding  with  the  parties  in  whose 
interest  the  test  is  to  be  made  as  to  the  character  of  the  coal 
to  be  used.  The  coal  must  be  dry,  or,  if  wet,  a  sample 
must  be  dried  carefully,  and  a  determination  of  the  amount 
of  moisture  in  the  coal  made  and  a  calculation  of  the  results 
of  the  test  corrected  accordingly.  Wherever  possible,  the 
test  should  be  made  with  standard  coal  of  a  known  quality. 
For  that  portion  of  the  country  east  of  the  Alleghany 
Mountains,  good  anthracite  egg  coal  or  Cumberland  semi- 
bituminous  coal  may  be  taken  as  the  standard  for  making 
tests.  West  of  the  Alleghany  Mountains  and  east  of  the 
Missouri  River,  Pittsburgh  lump  coal  may  be  used. 

V.  In  all  important  tests  a  sample  of  coal  should  be 
selected  for  chemical  analysis. 

VI.  Establish  the  correctness  of  all  apparatus  used  in  the 
test  for  weighing  and  measuring.     These  are : 

1.  Scales  for  weighing  coal,  ashes,  and  water. 

3.  Tanks  or  water  meters  for  measuring  water.  Water 
meters  should  be  used,  as  a  rule,  as  a  check  on  other  meas- 
urements. For  accurate  work,  the  water  should  be  weighed 
or  measured  in  a  tank. 
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3.  Thermometers  and  pyrometers  for  taking  temperatures 
of  air,  steam,  feed-water,  waste  gases,  etc. 

4.  Pressure  gauges,  draft  gauges,  etc. 

VII.  Before  beginning  a  test,  the  boiler  and  smokestack 
should  be  thoroughly  heated  to  their  usual  working 
temperature. 

VIII.  Before  beginning  a  test,  the  boiler  and  connec- 
tions should  be  free  from  leaks,  and  all  water  connections, 
including  blow-out  and  extra  feed-pipes  should  be  discon- 
nected or  stopped  with  blank  flanges,  except  the  particular 
pipe  through  which  the  water  is  to  be  fed  to  the  boiler  dur- 
ing the  trial.  To  disconnect  the  donkey  feed,  it  may  be 
necessary  to  obtain  the  consent  of  the  supervising  inspector 
of  the  district.  In  case  the  feed-pipes  can  not  be  discon- 
nected, such  pipes  may  be  drilled  so  as  to  leave  openings 
in  their  lower  sides,  which  should  be  kept  open  throughout 
the  test  as  a  means  of  detecting  leaks  or  accidental  or 
unauthorized  opening  of  valves.  During  the  test  the  blow-off 
pipe  should  remain  exposed.  If  an  injector  is  used,  it  must 
receive  steam  directly  from  the  boiler  being  tested,  and  not 
from  a  steam  pipe  or  any  other  boiler. 

See  that  the  steam  pipe  is  so  arranged  that  the  water  of 
condensation  can  not  run  back  into  the  boiler.  If  the  steam 
pipe  has  such  an  inclination  that  the  water  of  condensation 
from  any  portion  of  the  steam-pipe  system  may  run  back 
into  the  boiler,  it  must  be  trapped  so  as  to  prevent  this  water 
getting  into  the  boiler  without  being  measured. 

917.  IX.  Starting  and  Stopping  a  Test. — A  test 
should  last  at  least  ten  hours  of  continuous  running,  and 
twenty-four  hours  whenever  practicable.  The  conditions 
of  the  boiler  and  furnace  should  be,  as  nearly  as  possible,  the 
same  at  the  end  as  at  the  beginning  of  the  test.  The  steam 
pressure  should  be  the  same,  the  water  level  the  same,  the 
fire  upon  the  grates  should  be  the  same  in  quantity  and  con- 
dition, and  the  uptakes,  flues,  etc.,  should  be  of  the  same 
temperature.  To  secure  as  near  an  approximation  as  possi- 
ble to  exact  uniformity  in  conditions  of  the  fire  and  in  the 
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temperatures  of  the  uptakes  and  flues,  the  following  method 
of  starting  and  stopping  a  test  should  be  adopted: 

918.  X.  Standard  Method. — Steam  being  raised  to 
the  working  pressure,  remove  rapidly  all  the  fire  from  the 
grate,  and  as  quickly  as  possible  start  a  new  fire  with 
weighed  wood  and  coal,  noting  the  time  of  starting  the  test 
and  the  height  of  the  water  level  while  the  water  is  in  a 
quiescent  state  just  before  starting  the  fire. 

At  the  end  of  the  test,  remove  the  whole  fire,  clean  the 
grates  and  ash  pit,  and  note  the  water  level  when  the  water 
is  in  a  quiescent  state;  record  the  time  of  hauling  the  fire 
at  the  end  of  the  test.  The  water  level  should  be  as  nearly 
as  possible  the  same  as  at  the  beginning  of  the  test.  If  it  is 
not  the  same,  a  correction  should  be  made  by  computation 
and  not  by  operating  the  pump  after  the  test  is  completed. 
Whenfiresarebeinghauled  at  the  beginning  or  end  of  a  test, 
it  will  generally  be  necessary,  in  order  to  maintain  the  steam 
pressure  up  to  the  average  during  the  test,  to  regulate  by 
means  of  a  stop-valve  the  discharge  of  steam  from  the  boiler. 

919.  XI.  Alternate  Method. — Instead  of  the  stand- 
ard method  above  described,  the  following  may  be  employed 
where  local  conditions  render  it  necessary: 

At  the  regular  time  for  slicing  and  cleaning  fires,  arrange 
so  that  they  shall  be  burned  rather  low,  as  is  usual  before 
cleaning,  and  then  have  them  thoroughly  cleaned;  note  the 
amount  of  coal  left  on  the  grate,  as  nearly  as  it  can  be  esti- 
mated; note  the  pressure  of  steam  and  the  height  of  the 
water  level — which  should  be  at  the  medium  height  to  be 
carried  throughout  the  test — at  the  same  time,  and  note  this 
time  as  the  time  of  starting  the  test.  Fresh  coal,  which  has 
previously  been  weighed,  should  now  be  fired.  The  ash 
■  pits  should  be  thoroughly  cleaned  at  once  after  starting. 
Before  the  end  of  the  test  the  fires  should  be  burned  low, 
just  as  before  the  start,  and  the  fires  cleaned  in  such  a  man- 
ner as  to  leave  the  same  amount  of  fire  and  in  the  same  con- 
dition on  the  grates  as  at  the  start.  The  water  level  and 
steam  pressure  should  be  brought  to  the  sanie  point  as  at 
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the  start,  and  the  time  of  the  ending  of  the  test  should  be 
noted  just  before  fresh  coal  is  fired. 

926.  XII.  During  the  Test — Keep  tbe  Conditions 
Uniform.  The  boiler  should  be  run  continuously  without 
stopping  for  meal  times  or  for  rise  or  fall  of  steam  due  to 
change  of  demand  for  steam.  The  draft  being  adjusted  to 
the  rate  of  evaporation  or  combustion  desired  before  the 
test  is  begun,  it  should  be  kept  constant  during  the  test 
by  means  of  the  damper. 

If  the  boiler  is  not  connected  to  the  same  steam  pipe  with 
other  boilers,  an  extra  outlet  for  steam,  with  valve  in  same, 
should  be  provided,  so  that  in  case  the  pressure  should  rise 
to  that  at  which  the  safety  valve  is  set  it  may  be  reduced  to 
the  desired  point  by  opening  the  extra  outlet  without 
checking  the  fires. 

If  the  boiler  is  connected  to  the  main  steam  pipe  with 
other  boilers,  the  safety  valve  on  the  boiler  being  tested 
should  be  set  a  few  pounds  higher  than  those  of  the  other 
boilers,  so  that  in  case  of  a  rise  in  pressure  the  other  boilers 
may  blow  off  and  the  pressure  be  reduced  by  closing  their 
dampers,  allowing  the  damper  of  the  boiler  being  tested  to 
remain  open,  and  firing  to  go  on  as  usual. 

To  set  the  safety  valve  to  a  higher  pressure,  the  consent 
of  the  supervising  inspector  of  the  district  may  have  to  be 
obtained. 

All  the  conditions  should  be  kept  as  nearly  uniform  as 
possible,  such  as  the  force  of  draft,  pressure  of  steam,  and 
height  of  water.  The  time  of  cleaning  the  fires  will  depend 
upon  the  character  of  the  fuel,  the  rapidity  of  combustion, 
and  the  kind  of  grates.  When  very  good  coal  is  used  and 
the  combustion  is  not  too  rapid,  a  ten-hour  test  may  be  run 
without  any  cleaning  of  the  grates  other  than  just  before  the 
beginning  and  just  before  the  end  of  the  test.  But,  in  case 
the  grates  have  to  be  cleaned  during  the  test,  the  intervals 
between  one  cleaning  and  another  should  be  uniform. 

921.  XIII.  Keeping  the  Records.— The  coal  should 
be  weighed  and  delivered  to  the  firemen  in  equal  portions. 
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■each  sufficient  for  about  one  hour's  run,  and  a.  fresh  portion 
should  not  be  delivered  until  the  previous  one  has  been  all 
fired.  The  time  required  to  consume  each  portion  should 
be  noted,  the  time  being  recorded  at  the  instant  of  firing 
each  new  portion.  It  is  desirable  that  the  amount  of  water 
fed  into  the  boiler  should  be  accurately  noted  at  the  same 
time  and  recorded,  noting,  also,  the  height  of  water  in  the 
boiler,  and  the  average  pressure  of  steam  and  temperature 
of  feed  during  the  time.  By  thus  recording  the  amount  of 
water  evaporated  by  successive  portions  of  coal,  the  record 
of  the  test  may  be  divided  into  several  divistons^f  desired) 
at  the  end  of  the  test  to  discover  the  degree  of  uniformity 
of  combustion,  evaporation,  and  economy  at  different  stages 
of  the  test. 

922.  XIV.  Prlmlns  TeatB. — In  all  tests  in  which  ac- 
curacy of  results  is  important,  calorimetric  tests  should  be 
made  of  the  percentage  of  moisture  in  the  steam,  or  of  the 
degree  of  superheating.  At  least  ten  such  tests  should  be 
made  during  the  trial  of  the  boiler,  or  so  many  as  to  reduce 
the  probable  average  error  to  less  than  one  per  cent.,  and 
the  final  records  of  the  boiler  test  should  be  corrected 
according  to  the  average  results  of  the  calorimeter  test. 

On  account  of  the  difficulty  of  securing  accuracy  in  these 
tests,  the  greatest  care  should  be  taken  in  the  measurement 
of  weights  and  temperatures.  The  thermometer  should  be 
accurate  to  within  a  tenth  of  a  degree,  and  the  scales  on 
which  the  water  is  weighed  should  be  correct  to  ris  of  ^  pound. 

923.  XV.  Analysis  of  Gases. — The  analysis  of  gases 
and  measurement  of  the  air  supply  are  not  generally  neces- 
sary in  ordinary  commercial  tests;  they  are,  however, 
valuable  in  determining  the  relative  values  of  different 
methods  of  firing  or  of  different  kinds  of  furnaces.  Care 
must  be  taken  to  procure  average  samples  of  the  gas,  and 
the  analysis  should  be  made  by  a  competent  chemist. 

924.  XVI.  Record  of  the  Test.— A  "log"  of  the 
test  should  be  kept  on  properly  prepared  blanks  containing 
headings  as  follows: 
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925.  XVII.  Reporting  the  Trial.— The  final  results 
should  be  recorded  upon  a  properly  prepared  blank,  and 
should  include  as  many  of  the  following  items  as  are  adapted 
for  the  specific  object  for  which  the  trial  is  made.  The 
items  marked  with  a  *  may  be  omitted  for  ordinary  trials, 
but  are  desirable  for  a  comparison  with  similar  data  from 
other  sources. 

Results  of  the  trial  of , 

Boilers  at 

To  determine 


ITEMS. 

Date  of  trial. 
Duration  of  trial, 

DIMENSIONS    AND    PROPORTIONS, 

Grate  surface,  wide long area 

Water-heating  surface. 
Superheating  surface. 
Ratio  of  water-heating  surface  to  grate 
surface. 


10. 


;   PRESSURES. 
Steam  pressure  in  boiler  by  gauge. 
Absolute  steam  pres,sure. 
Atmospheric  pressure  by  barometer. 
Force  of  draft  in  inches  of  water. 


AVERAflE    TEMPERATURES,  FAHR, 

*11.  Temperature  of  external  air. 

*12.  Temperature  of  fire  room. 

*13.  Temperature  of  steam. 

14.  Temperature  of  escaping  gases. 

15.  Temperature  of  feed-water. 

FUEL. 

15i-.  Cost  of  coal  per  a,0<tO  lb.  at  boilers. 
10.     Total  amount  of  coal  consumed  (includes 
wood  X  0.4). 


sq.  ft. 
sq.  ft. 
sq.  ft. 


deg. 
deg. 
deg. 
deg. 
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17,  Moisture  in  coal. 

18,  Dry  coal  consumed. 

IS.  Total  refuse  dry pounds  = 

20.  Total  combustible  (Item  18  less  Item  1ft). 

*21.  Dry  coal  consumed  per  hour. 

*22,  Combustible  consumed  per  hour. 

RESULTS   OF    CALORIMETRIC   TESTS. 

23.     Quality   of   steam  (dry  steam  taken  as 

unity). 
34.     Percentage  of  moisture  in  steam. 
85.     Number  of  degrees  superheated. 


26.  Total    weight    of    water    pumped    into 

boiler  and  apparently  evaporated, 

27.  Water  actually  evaporated,  corrected  for 

quality  of  steam. 

28.  Equivalent   water  evaporated   into   dry 

steam  from  and  at  212°  F. 
*29.     Equivalent  total  heat  derived  from  fuel. 

30.  Equivalent   water   evaporated   into  dry 

steam  from  and  at  312°  F.  per  hour. 

ECONOMIC    EVAPORATION. 

31.  Water  actually  evaporated  per  pound  of 

dry  coal  from  actual  pressure  and  tem- 
perature. 
31^.   Equivalent  water  evaporated  for  tl.OO, 
from  and  at  212°  F. 

32.  Equivalent  water  evaporated  per  pound 

of  dry  coal,  from  and  at  212°  F. 

33.  Equivalent  water  evaporated  per  pound 

of  combustible,  from  and  at  'ilii°  F. 


per  cent. 

lb. 

per  cent. 


f)er  cent, 

per  cent. 

deg. 
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COMMERCIAL    EVA 

Equivalent  water  evaporated  per  pound 
of  dry  coal  with  one-sixth  refuse  at  70 
pounds  gauge  pressure,  from  tempera- 
ture of  100°  F.  {=  Item  33  X  0.724!)). 

RATE    OF    COMBUSTION. 

Dry  coal  actually  burned  per  square  foot 
of  grate  surface  per  hour. 


Consumption 

of  dry  coal 
per  hour,  coal 
assumed 
with  one- 
sixth  refuse. 


Per  square  foot 
of  grate  surface. 

Per  sq.  ft.  of  water- 
heating  surface. 

Per  sq.  ft.   of  least 
area  for  draft. 


RATE   OP    EVAPORATION. 


Water  evaporated  from  and  at  212°  F. 
per  sq.  ft.  of  heating  surface  per  hr. 
Water   evapo-  1   Per  sq.  ft.  of  grate 


rated  per  hour 
from  tempera- 
ture of  100°  F. 
into  steam  of 
70  lb.  gauge 
pressure. 


Per  sq.  ft.  of  water- 
heating  surface. 

Per   sq,  ft.  of  least 
area  for  draft. 


COMMERCIAL    HORSEPOWER. 

43.  On  a  basis  of  30  pounds  of  water  per 

hour,  evaporated  from  a  temperature 
of   100°   F.   into  steam  of   70  pounds 
gauge   pressure    (=  34J   pounds   from 
and  at  212°  F.). 
43}-.   Number  of  horsepower  obtained  for  tl. 

44.  Horsepower,  builders'   rating  at   

square  feet  per  H.  P. 

45.  Per  cent,  developed  above  or  below  rating. 
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926>  Some  of  the  items  of  the  above  schedule  are 
derived  from  the  others  as  follows: 

Item  27  =  Item  ii6  X  Item  23. 

Item  39  =  Item  28  X  9G6.1. 

Item  31  =  Item  27  ^  Item  18. 

Item  33  =  Item  28  -i-  Item  18. 

Item  33  =  Item  28  -i-  Item  20. 

Item  43  =  Item  30  -i-  34i. 

Items  32  and  33  are  used  as  a  sort  of  a  standard  to  measure 
the  performance  of  the  boiler.  The  best  boilers  usually  evap- 
orate OJ  to  11|  pounds  of  water  from  and  at  212°  per  pound 
of  combustible.  With  poor  boilers  the  rate  may  not  exceed 
5  to  8  pounds  of  water  per  pound  of  combustible. 

Many  engineers  prefer  to  make  Item  32  (the  evaporations 
per  pound  of  coal)  the  test  of  a  boiler's  performance.  In 
case  a  boiler  does  not  make  a  good  showing,  it  is  easy  to 
make  the  result  appear  better  by  deducting  a.  considerable 
quantity  of  coal  actually  consumed  on  the  assumption  that 
it  is  ash  when  Item  33  is  used  as  a  standard. 

Items  43,  43J,  44,  and  45  refer  to  stationary  boilers  which 
are  sold  by  the  horsepower,  the  standard  horsepower,  as 
adopted  by  the  American  Society  of  Mechanical  Engineers, 
being  30  pounds  of  water  evaporated  from  a  temperature  of 
100°  F.  into  steam  of  70  pounds  gauge  pressure.  As  marine 
boilers  are  not  sold  in  the  open  market  to  any  extent,  but 
are  built  chiefly  to  order,  the  above  items  referring  to  com- 
mercial horsepower  may  be  omitted. 

Item  28  is  found  from  rule  167. 

027.  Different  boilers  generate  steam  at  different  pres- 
sures, and  receive  the  feed-water  at  different  temperatures. 
In  order  to  compare  the  relative  performances  of  boilers,  it  is 
necessary  to  reduce  the  actual  evaporation  to  an  equivalent 
evaporation  from  and  at  21^°  F.  per  pound  of  combustible  ; 
that  is,  to  find  what  the  evaporation  would  have  been  if  the 
fuel  had  been  without  ash,  the  feed-water  at  212°  F.,  and  the 
steam  delivered  at  0  lb.  gauge  pressure  (14.7  lb.,  absolute). 
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Let    IV  =  the  actual  evaporation; 

If  =  total  heat   of   steam   above  32°  at  pressure  of 

actual  evaporation ; 
/  =  observed  temperature  cf  feed-water; 
IK,  =  equivalent  evaporation  from  and  at  213°  F. 

Rule  167. —  To  reduce  acttial  evaporation  to  equivalent 
ei'aporation,  subtract  the  observed  temperature  of  the  feed- 
water  from  the  total  heat  of  1  pound  of  steam  above  32°  at 
pressure  of  actual  evaporation.  Add  SJ  to  the  remainder 
and  multiply  the  sum  by  the  actual  evaporation  in  pounds. 
Divide  the  product  by  966.1. 

ExAMPLB. — A  boiler  generates  2,200  pounds  o(  steam  per  hour  at  a 
pressure  of  120  pounds;  the  temperature  of  the  feed-water  is  70°  F. 
What  is  the  equivalent  evaporation  ? 

Solution.— From  the  steam  table,  the  total  heat  ff,  corresponding 
to  a  pressure  of  120  lb.,  gauge,  is  1,188.64  B.  T.  U.  Hence,  from 
rule  167, 

„-      a.aOO  X  (1,188.64  -  70  -H  83)     „  -o-  ,.  ,        . 

Wi  =  — ^-^^^-j ■  =  2,620  lb.,  nearly.    Ans. 

928.  Quality  of  Steam. — In  making  a  boiler  trial  it 
is  important  to  determine  as  closely  as  possible  how  much 
moisture,  if  any,  the  steam  contains.  Many  boilers,  espe- 
cially when  generating  steam  rapidly,  furnish  wet  steam. 
The  water  is  carried  along  with  the  steam  in  the  form  of 
spray  or  even  in  drops.  Of  course,  this  water  is  not  evap- 
orated, and  if  not  taken  account  of,  would  show  for  the 
boiler  a  higher  efficiency  than  it  really  possessed. 

By  the  expression  quality  of  steam  is  meant  the  percent- 
age of  the  water  fed  into  the  boiler  which  is  evaporated 
into  pure  dry  steam.  For  example,  suppose  that  for  every 
100  pounds  of  water  fed  to  the  boiler  98  pounds  are  changed  to 
dry  steam  and  3  pounds  are  carried  over  in  the  form  of  water. 

Then,  the  quality  of  steam  is  =  .98  =  98  ji,  and  the 

percentage  of  moisture  is  2  jl. 
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929.     It  is  a  rather  difficult  matter  to  make  a  very  exact 
determination  of  the    moisture  contained  in  steam.     The 
apparatus  or  instrument  used  for  this  purpose  is  called  a 
calorimeter.    There 
'  are  many  more  or  less 
complicated     calorim- 
eters in  use ;  about  the 
simplest     and     most 
available  one  for  gen- 
eral use  is  the  so-called 
barrel  calorimeter. 
(See     Fig.     251.)      A 
barrel  or  tank  7". hold- 
ing 400  or  500  pounds 
of    water    is   placed 
on  a  platform  scale  5, 
'"'^  **'•  filled  with  water,  and 

weighed..  The  temperature  of  the  water  is  registered  by  a 
thermometer  inserted  in  the  side  of  the  barrel.  Steam  from 
the  boiler  is  led  through  a  pipe  or  hose  U  into  the  barrel  until 
the  temperature  of  tTie  water  reaches  130°  to  140°  F.  The 
steam  is  then  turned  off,  and  the  barrel  and  contents  are 
again  weighed.  The  difference  between  this  weight  and  the 
original  weight  is  the  weight  of  the  steam  led  in  from  the 
boiler.  The  average  steam  pressure  throughout  the  observ- 
ation must  be  observed.  It  is  well  to  have  the  lube  bent  as 
shown  in  the  figure. 

We  know  the  weight  of  the  cold  water  and  the  rise  in 
temperature;  we  also  know  the  weight  of  the  steam  or  the 
mixed  steam  and  water  that  is  led  in  from  the  boiler.  From 
the  steam  table,  the  temperature  of  the  steam  can  be  found, 
since  the  pressure  is  known. 

Now,  if  dry  steam  comes  through  the  pipe  U,  the  con- 
densation of  this  steam  should  raise  the  temperature  of  the 
cold  water  in  the  barrel  a  certain  amount.  If  the  temper- 
ture  is  not  raised  that  much  it  must  be  because  some  of  the 
mixture  led  into  the  barrel  was  water.  Very  rarely  the  tem- 
perature of  the  cold  water  might  rise  more  than  it  would  if 
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the  steam   were  dry,    thus   indicating   that   the  steam   is 
superheated. 

Let  W=  weight  of  cold  water  in  barrel; 

■w  =  weight  of  steam  and  water  run  into  the  barrel; 

/  =  temperature  o(  steam  corresponding  to  the  ob- 
served pressure; 

/i  =  original  temperature  of  the  water  W\ 

/,  =  temperature  of  the  mixture  after  steam  is  con- 
densed ; 

/  =  latent  heat  of  a  pound  of  steam  at  the  observed 
pressure; 

x=  portion  of  weight  if  that  is  dry  steam; 

»  (2  =  quality  of  steam  =  — . 

Rule  168. — Multiply  the  rise  in  temperature  of  the  cold 
water  by  the  -weight  of  cold  water  and  divide  the  product  by 
the  weight  of  the  mixture  led  in  through  the  hose.  Subtract 
the  final  temperature  of  the  water  from  the  temperature  of  the 
steam,  and  subtract  the  remainder  thus  obtained  from 
the  number  first  obtained.  Divide  this  final  remainder  by 
the  latent  heat  of  a  pound  of  steam  at  the  observed  pressure. 
The  result  will  be  the  quality  of  the  steam. 

That  is,     e  =  £=i-[i^  (,,-,, )_(/-,,)]. 

Example. — In  a  caloritnetric  test,  the  weight  of  cold  water  waa 
420  pounds;of  steam  condensed,  S6  pounds.  The  initial  temperature  of 
cold  water  was  40°  F.,  the  final  temperature  was  180"  F.,  and  the  steam 
pressure  was  00  pounds.     Find  the  quality  of  the  steam. 

Solution. — Absolute  pressure  =  60  +  14.7  =  74.7  lb,  per  sq.  in. 
Latent  heat  of  steam  at  this  pressure  is  <see  steam  table)  898.5.  The 
temperature  of  steam  at  this  pressure  is  807.3°.     Hence,  by  rule  168, 

*2  =  t[-^(''-'''-('-''>]  = 
~[2<180  -  40)  -  {807.2  -  180)]  =  .9714  =  97.14i(i 


that  is,  the  boiler  generates  a  mixture  which  is  composed  of  97.14  per 
cent,  dry  steam  and  2.80  per  cent,  water.     Ans. 

H.  M.  i.—as 
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The  barrel  calorimeter  must  be  used  very  carefully  in 
order  to  obtain  accurate  results.  The  operation  should  be 
repeated  once  or  twice  before  the  actual  test  is  made,  in 
order  to  warm  up  the  barrel.  The  most  important  observ- 
ation is  that  of  the  temperature.  This  should  be  taken  by 
a  thermometer  graduated  to  fifths  or  tenths  of  a  degree. 
The  weights  should  be  as  accurate  as  possible.  The  chief 
merit  of  the  barrel  calorimeter  is  its  availability.  It  can  be 
rigged  up  in  almost  any  situation. 

930.  To  show  the  method  of  working  up  the  data  of  a 
boiler  trial,  the  following  example  is  given : 

EXAMPLB. — Given  the  following  data  observed  during  a  boiler  trial, 
it  is  required  to  make  the  necessary  calculations  for  economic  evapora- 
tion: 

Duration  of  test  10  hr. 

Average  gauge  pressure 72  lb. 

Average  temperature  of  feed-water 132°  F. 

Pounds  oi  coal  burned 15.382  tb. 

Percentage  of  ash Hf. 

Water  fed  to  boiler 124.800  lb. 

Average  quality  of  steam Vl.2f. 

Calculations.— Water  evaporated  =  124.6IX)  x  073  =  121.111.3  lb. 
Water  evaporated  per  pound  of  coal  —  actual  conditions  =  121,111.3  + 
15,282  =  7.96  lb. 

Water  evaporated  per  pound  of  combustible  = 


121,111. 


3  -*-  [15,282  X  '-^^300^1  =  iai.111-8  +  14,548.8  =  8.88  lb. 


From  rule  167,  the  equivalent  evaporation  from  and  at  213°  per 
pound  of  coal  is 

7.MX  (1.118.165-182  + 38)  _....„ 


Prom  the  same  rule,  the  equivalent  evaporation  from  and  at  313°  per 
pound  of  combustible  is 


3X(1.178-76S-  122  +  8: 
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THE  INJECTOR. 
031.  One  form  of  the  injector,  shown  in  Fig.  127, 
Art.  606,  has  already  been  described.  Another  form  of 
injector  largely  used  for  feeding  boilers  is  shown  in  Fig.  25!i. 
Steam  enters  from  the  boiler  and  passes  through  the  con- 
nection F"and  nozzle  R  into  the  conical  combining  tube  J>. 
Here  it  meets  the  water,  which  enters  through  the  pipe  /* 
(shown  on  the  side  in  the  cut,  but  really  situated  in  the  rear) 
and  surrounds  the  nozzle  H,  At  first  the  mingled  steam  and 


water  flows  through  the  valve  Q  and  out  of  the  overflow 
pipe  T;  but  the  condensation  of  the  steam  soon  causes  a 
partial  vacuum  in  the  upper  chamber,  and  the  atmospheric 
pressure  on  the  top  of  the  valve  Q  forces  it  to  its  seat  and 
checks  the  overflow.  The  jet  of  water  then  flows  steadily 
through  the  delivery  tube  V  and  pipe  Z  into  the  boiler,  as 
shown  by  the  arrows.  The  injector  is  started  by  opening  thp 
globe  valves  in  the  steam   and  feed-water  pipes.      If  the 
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water  supply  is  too  great,  water  will  appear  at  the  overflow, 
and  the  feed  valve  must  be  closed  a  little  or  the  valve  in  the 
steam  pipe  opened  wider. 

932.  It  may  at  first  seem  inconsistent  that  steam  can 
flow  from  a  boiler  at  say  80  pounds  pressure  and  force  water 
back  into  the  boiler  against  the  same  pressure.  It  is,  how- 
ever, another  example  of  heat  changed  into  work.  Each 
pound  of  steam  entering  the  injector  gives  out  about  900 
B.  T.  U.  (depending  upon  the  pressure),  and  each  of  these 
B.  T.  U.  is  capable  of  developing  778  foot-pounds  of  work. 
Thus  the  steam  jet  possesses  ample  energy  to  force  the  water 
into  the  boiler.  In  fact,  only  a  small  per  cent,  of  the  energy 
is  so  expended,  the  larger  part  of  it  being  utilized  in  heating 
the  feed-water.  Thus,  while  the  injector  is  a  wasteful 
machine,  considered  merely  as  a  pump,  it  is  a  very  economical 
boiler  feeder,  since  the  heating  of  the  feed  leaves  so  much 
less  work  for  the  boiler. 

The  capacity  of  an  injector  depends  mainly  upon  the  diam- 
eter of  the  delivery  tube.  Table  31  gives  the  capacities  ol 
the  various  sizes  of  the  Penberthy  injector  just  described, 
for  pressures  from  45  to  75  pounds,  and  lifts  of  from  1  to  6 
feet. 

033>  It  is  considered  good  practice  to  provide  the  boiler 
with  an  injector  considerably  larger  than  actually  needed, 
for,  by  throttling  the  feed,  the  injector  will  deliver  much  less 
than  its  maximum  capacity,  but  will  heat  the  water  nearly  to 
boiling  point.  The  injector  thus  acts  as  a  feed-water  heater, 
and  effects  an  economy  of  fuel. 

An  injector  will  not  work  efficiently  when  the  feed  is  at 
high  temperature.  For  example,  the  Penberthy  injector  will 
not  work  without  overflowing  when  the  feed  temperature  is 
above  about  120°,  or  when  the  temperature  of  the  delivery 
is  above  about  200°. 

Injectors  are  used  almost  exclusively  on  locomotives,  and 
to  a  large  extent  on  marine  boilers,  especially  those  of  small 
dimensions. 
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TABLE   31. 


Pipe  Connection. 

Capacity  per  Hour. 

Size. 

Steam. 

Suction. 

Delivery. 

Maximum. 

Minimum. 

In 

In. 

In. 

G«l. 

Qnt. 

00 

1 

t 

1 

80 

55 

A 

} 

i 

i 

120 

70 

AA 

i 

i 

i 

165 

90 

B 

I 

} 

i 

250 

136 

BB 

t 

} 

t 

340 

165 

C 

1 

1 

1 

«5 

300 

CC 

1 

1 

1 

S7S 

350 

D 

n 

li 

1* 

750 

400 

DD 

H 

H 

u 

920 

600 

E 

H 

U 

H 

1.300 

700 

EE 

IJ 

li 

n 

1,740 

900 

F 

i 

a 

2 

2,270 

1,100 

FF 

2 

a 

a 

2,800 

1,400 
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QUESTIONS  AND    EXAMPLES 

Relating  to  the  Subjects 
Treated  op  in  this  Volume. 


it  will  be  noticed  that,  although  the  various  questions 
are  numbered  in  sequence  from  1  to  498,  inclusive,  these 
questions  are  divided  into  seven  different  sections,  corre- 
sponding to  the  seven  sections  of  the  preceding  pages  of 
this  volume.  No  attempt  should  be  made  to  answer  any 
question  or  to  solve  any  example  occurring  in  one  of  the 
following  sections  until  the  corresponding  Paper  has  been 
carefully  studied. 
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EXAMINATION   QUESTIONS. 

(1)  What  is  arithmetic? 

(2)  What  is  a  number  ? 

(0)     What  is  the  difference  between  a  concrete  number 
and  an  abstract  number  ? 

(4)  Define  notation  and  numeration. 

(5)  Write  each  of  the  following  numbers  in  words: 
980;  005;  28,384;  9,000,042;  850,317,003;  700,004. 

(6)  Represent  in  figures  the  following  expressions: 
Seven  thousand,  six  hundred.     Eighty-one  thousand,  four 

hundred  two.  Five  million,  four  thousand,  seven.  One 
hundred  eight  million,  ten  thousand,  one.  Eighteen  million, 
six.     Thirty  thousand,  ten. 

(7)  What  is  a  fraction  ? 

(8)  What  are  the  terms  of  a  fraction  ? 

(9)  What  does  the  denominator  show  ? 

(10)  What  does  the  numerator  show  ? 

(11)  How  do  you  find  the  value  of  a  fraction  ? 

(12)  Is  J^  a  proper  or  an  improper  fraction   and  why  ? 

(13)  Write  three  mixed  numbers. 

(14)  Reduce  the  following  fractions  to  their  lowest  terms: 
I.  iV.  ^?,  n  Ans.  i,  i,  i,  f 

(15)  Reduce  6  to  an  improper  fraction  whose  denomi- 
nator is  4.  Ans.  V- 

(16)  Reduce  7J,  IZ-^,  and  lOJ  to  improper  fractions. 

A".  V.  w,  v 

For  notice  of  copyTightn  B««  page  immediately  folJowin^  the  title  pa£«. 
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(17)  What  is  the  value  of  each  of  the  following:  Y,  i^, 
n,V.  H?  Ans.  6i,  4i,  4^,  2,  1^. 

(18)  State  the  difference  between  a  fraction  and  a  deci- 
mal. 

(19)  State  how  to  reduce  a  fraction  to  a  decimal. 

(30)  Reduce  the  following  fractions  to  equivalent  deci- 
mals; i,  i,  ^,  tVit.  and  -iWs-  f  -5. 

.875. 
Ans.  \  .15625. 
.65. 
[  .126. 

(21)  Write  out  in  words  the  following  numbers:  .08,  .131, 
.0001,  .000027,  .0108,  and  93.0101. 

(22)  How  do  you  place  decimals  for  addition  aod 
subtraction  ? 

(23)  Give  a  rule  for  multiplication  of  decimals. 

(24)  Give  a  rule  for  division  of  decimals. 

(35)  What  is  the  sum  of  3,390,  604.  865,403,  2,074.  81, 
and  7  ?  Ans.  871,369. 

(36)  709  +  8,304.725  +  391  +  100,302  +  300  +  909  = 
what  ?  Ans.  8,407,336. 

(27)  i  +  |  +  f=?  Ans.  1. 

(28)  i  +  i+^=i  ■  Ans.  H- 
(39)     42  +  31J  +  !),V  =  ?                                        Ans.  S3^. 

(30)  An  iron  plate  is  divided  into  four  sections;  the  first 
contains  29J  square  inches;  the  second,  50|  square  inches; 
the  third,  41  square  inches,  and  the  fourth,  69^^  square 
inches.     How  many  square  inches  are  in  the  plate  ? 

Ans.  190^  sq.  in. 

(31)  What  is  the  sum  of  .126,  .7,  .089,  .4006,  .9,  and 
.000037?  Ans.  2.214527. 

(32)  927.416  +  8.274  +  372.6  +  62.07938  =  ? 

Ans.  1,370.36938. 

(33)  Add  17  thousandths,  2  tenths,  and  47  millionths. 

Ans.  .217047. 
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(34)  The  weights  of  four  lengths  of  shafting  are  316.5, 
402.3,  348J,  and  309.4  pounds,  respectively.  What  is  their 
total  weight?  Ans.  1,376.95  lb. 

(35)  The  cost  of  the  coal  consumed  under  a  nest  of  steam 
boilers  during'  a  week's  run  was  as  follows:  On  Monday, 
•15.83;  Tuesday,  $U.70;  Wednesday,  ♦14.28;  Thursday, 
•13.87;  Friday,  •14.98;  Saturday,  •12.66.  What  was  the 
cost  of  the  week's  supply  of  coal?  Ans.  •86.31. 

(36)  During  a  12-hour  test  upon  a  steam  engine  the 
counter  showed  the  number  of  revolutions  per  hour  to  have 
been  as  follows:  12,600,  12,444,  12,467,  12,528,  12,468, 
12,590,  12,610,  12,589,  12,576,  12,568,  12,546,  12,532.  How 
many  revolutions  were  made  during  the  test? 

Ans.  160,608  revolutions. 

(37)  Find  the  difference  between  the  following: 
(fl)  50,982  and  3,338;  (d)  10,001  and  15.339. 

Ans.    fSfM^-^^*- 
1  {/>)   5,338. 

(38)  (a)  70,968-32,975=?  (i)  100,000-  98,735  =  ? 

Ans.    j(^M'.9^3- 
I  (*)  1,265. 

(39)  What  is  the  difference  between  i  and  ^,  13  and  7-^, 
312tV  and  229^?  Ans.  ^,  5^.  83^. 

(40)  Work  out  the  following  examples: 

(a)  709.63 -.8514;  (d)  81.963-1.7;  (c)  18 -.18; 
((/)  1- .001;  (c)  872.1  -  (.8721 +  .008);  (/)  (5.028 +  .0073) 
-  (6.704  -  2.38).  f  (a)  708.7786. 

(6)  80.263. 
(4  17.82. 
(rf)  .999. 
(e)  871.2199. 
U/)  .7113. 

(41)  Work  out  the  following: 

{a)  ^-.807;  (*)  .875 -f;  (<:)  (A+ .435)  -  (^-.07). 
{d)  What  is  the  difference  between  the  sum  of  33  millionths 
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and   17  thousandths,  and    the  sum  of  53  hundredths  and 
274  thousandths }  f  (<^)  ■  068. 

Ans       (*>  ■^■ 
-^"^'  i  {c)  .45195. 

'■[(d)  .786967. 
(48)  It  is  desired  to  increase  the  capacity  of  an  electric- 
light  plant  to  1,500  horsepower  by  adding  a  new  engine.  If 
the  indicated  horsepower  of  the  engines  already  in  use  is 
482|,  316J-,  and  390|,  what  power  must  the  new  engine 
develop?  Ans.  310. 11|  H.  P. 

(43)  On  a  certain  morning  7,240  gallons  of  water  were 
drawn  from  an  engine-room  tank,  and  4,780  gallons  were 
pumped  in.  In  the  afternoon  7,633  gallons  were  drawn  out, 
and  8,676  gallons  pumped  in.  How  many  gallons  remained 
in  the  tank  at  night,  if  it  contained  3,040  gallons  at  the 
beginning  o£  the  day?  Ans.  1,623  gal. 

(44)  A  metal  stack  45  feet  high  is  made  up  of  7  plates, 
6  of  which  are  7  feet  long.  Allowing  15  inches  for  laps,  what 
is  the  length  of  the  seventh  plate?  Ans.  4  ft.  3  in. 

(45)  The  inside  diameter  of  a  6-inch  steam  pipe  is  6.06 
inches,  and  the  outside  diameter  is  6.63  inches.  How  thick 
is  the  pipe?  Ans.   .28  in. 

(46)  Find  the  products  of  the  following: 

(a)  526,387  X  7;  {i)  700,298  X  17;  (c)  217  X  103  X  67. 

(  (a)  3,684,709. 

Ans.  ]  (*)  11,905,0C!6. 

(  (0  1,497,517. 

(47)  If  your  watch  ticks  once  every  second,  how  many 
times  will  it  tick  in  one  week?  Ans.  604,800. 

(48)  Find  the  products  of  the  following  expressions: 

(a)  .013  X  .107;  (*)  203  X  2.03  X  .203  ;  (<:)  (3.7  X  31.85) 
X  (8.16 -.316);  (<^)  (107.8-+- 6.641  -  31.96)  X  1.742. 

'  (a)  .001391. 
(i)  83.65427. 
(<:)   244.66978. 
{d)  143.607702. 
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(46)  An  engine  and  boiler  in  a  manufactory  are  worth 
$8,S46.  The  building  is  worth  three  times  as  much  plus 
$1,300,  and  the  tools  are  worth  twice  as  much  as  the  building 
plus  $l,87fi;  (a)  what  is  the  value  of  the  building  and  tools? 
(i)  What  is  the  value  of  the  whole  plant? 

\  {*)  J37,935. 

(50)  How  many  square  feet  of  heating  surface  are  in  the 
tubes  of  a  boiler  having  00  3-!nch  tubes,  each  ISj-  feet  long, 
if  the  heating  surface  of  each  tube  per  foot  in  length  is  .728 
square  foot?  Ans.  C77.04  sq.  ft. 

(51)  Suppose  that  in  one  hour  10  pounds  of  coal  are  burned 
per  square  foot  of  grate  area  in  a  certain  boiler,  and  that 
9  pounds  of  water  are  evaporated  per  pound  of  coal  burned. 
If  the  grate  area  is  30  square  feet,  how  many  pounds  of 
water  would  be  evaporated  in  a  day  of  10  hours? 

Ans.  27,000  lb. 

(53)     How  many  feet  does  the  piston  of  a  steam  engine 

pass  over  in  a  week  of  6  days,  running  8^  hours  a  day,  if  the 

length  of  the  stroke  of  the  engine  is  1^  feet,  and  the  number 

of  revolutions  per  minute  160?  Ans.  1,468,800  ft. 

(53)  A  number  of  boilers  are  constantly  fed  by  3  pumps; 
the  first  delivers  1^  gallons  per  stroke,  and  runs  at  75  strokes 
per  minute ;  the  second  delivers  J  of  a  gallon  per  stroke,  and 
runs  at  115  strokes  per  minute;  the  third  delivers  If  gallons 
per  stroke,  and  runs  at  96  strokes  per  minute.  How  many 
gallons  of  water  are  fed  to  the  boilers  per  hour? 

Ans.  21,032.5  gal. 

Note.— If  in  thelollowingeiamples  there  be  a  remainder, carry  the 
quotient  to  four  decimal  places. 

(54)  Divide  the  following: 

{a)  963,843  by  84;  (6)  39,728  by  63;  (<r)  29,714  by  108; 
(d)  406,089  by  136.  (  (a)   ll,462.404a 

,        J   (*)    630.6033. 
*"^  "^   (c)   276.1296. 
(d)  8,008.0667. 


.dbyGoogle 


508  ARITHMETIC. 

(56)     Solve  the  following: 

W  35  + A;  (*)  A  +  a;  W  ¥  +  »;  ¥)  W  +  A;  M 

15}-i-«. 


(66)     Solve  the  following: 
W  .875  +  };  (4)J+.5;  M 


(57)     Solve  the  following  by  cancelation : 

(a)  (72  X  48  X  as  X  5)  +  (84  X  16  X  7  X  6). 

(4)  (80  X  60  X  60  X  16  X  14)  +  (70  X60  X  24  X  20). 


(«) 

112 

(*) 

A. 

Ans. 

(0 

H- 

WiA 

(') 

3f 

.378  X  \ 

(») 

1.76 

A- 

.125' 

Ans. 

W 

1.75 

^"'■IWi 


■  1  (J)  32 
(68)    Find  the  values  of  the  following  expressions : 

W  ^.  W   j^  .  \f}        87  +  B8      ■  Ans.  ]  (*)  .75. 


459  +  32  (   (<r)  2IO4. 

(59)  The  distance  around  a  cylindrical  boiler  is  166.85 
inches.  If  there  are  72  rivets  in  one  of  the  circular  seams, 
find  what  the  pitch  (distance  between  the  centers  of  any 
two  rivets)  of  the  rivets  is.  Ans,  2,317  +  in. 

(60)  A  keg  of  J  X  2}  inches  boiler  rivets  weighs  100 
pounds,  and  contains  133  rivets.  What  is  the  weight  of 
each  rivet  ?  Ans.  .75  +  lb. 

(61)  The  distance  around  a  wheel  equals  3.1416  times 
its  diameter,  or  the  distance  across  it.  If  the  distance 
around  a  fly-wheel  is  56.5488  feet,  what  is  the  diameter  of 
a  wheel  half  as  large  ?  Ans.  S  ft. 

(62)  If  980,000  bricks  are  required  to  build  an  engine 
house,  how  many  days  will  it  take  for  6  teams  to  draw 
them,  each  team  drawing  8  lo£^ls  a  day,  and  there  being 
1^600  bricks  to  s  load  ?  Ans.  12.76  +  days. 
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(63)  If  a  mechanic  earns  tl.SOO  a  year  for  his  labor,  and 
his  expenses  are  t968  per  year,  in  what  time  can  he  save 
enough  to  buy  28  acres  of  land  at  $133  an  acre? 

Ans.  7  years. 

(64)  The  numerator  of  a  fraction  is  28,  and  the  value 
of  the  fraction  J;  what  is  the  denominator  ?  Ans.  32. 

(65)  From  1  plus  .001  Uke  .01  plus  .000001. 

Ans.  .990999 

(66)  A  freight  train  ran  365  miles  in  one  week,  and 
8  times  as  far,  lacking  246  mites,  the  next  week;  how  fat 
did  it  run  the  second  week  ?  Ans.  849  miles, 

(67)  If  the  driving  wheel  of  a  locomotive  is  16  ft.  in 
circumference,  how  many'  revolutions  will  it  make  in 
going  from  Philadelphia  to  Pittsburg,  the  distance  of 
which  is  354  miles,  there  being  5,280  feet  in  one  mile  ? 

Ans.   116,820  rev. 

(68)  How  many  inches  in  .875  of  a  foot  ?        Ans.  10^  in. 

(69)  What  decimal  part  of  a  foot  is  ^  of  an  inch  t 

Ans.  .015625  ft. 

(70)  If  water  be  conducted  from  a  tank  by  7  lengths 
of  gas  pipe  coupled  together,  each  length  being  12  feet 
6  inches  long,  |  of  an  inch  being  added  at  each  of  the  joints 
for  coupling  together,  how  far  from  the  tank  is  the  water 
discharged  i  The  iirst  length  screws  into  the  tank  }  of 
an  inch.  Ans.  87.8135  ft. 

(71)  If  by  selling  a  carload  of  coal  for  $82.50,  at  a 
profit  of  tl.65  per  ton,  I  make  enough  to  pay  for  72.6  ft. 
of  fencing  at  t-50  a  foot,  how  many  tons  of  coal  were  there 
in  the  car  ?  Ans.  23  tons, 

(72)  The  connection  between  an  engine  and  boiler  is 
made  up  of  6  lengths  of  pipe,  three  of  which  are  14  feet 
6  inches  long,  two  12  feet  6  inches  long,  and  one  8  feet 
10  inches  long.  If  the  pipe  weighs  10^  pounds  per  foot,  what 
is  the  total  weight  of  the  pipe  used  ?  Ans.  809.376  lb, 

(73)  Four  bolts  are  required,  2^,  GJ,  3-^,  and  i  inches 
long.     How   long   a    piece  of    iron  wiU  be  required  froni 
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which  to  cut  them,  allowing  -^  of  an  inch  to  each  bolt  for 
cutting  off  and  finishing  ?  Ans.  18^. 

(74)  A  double  belt  of  a  certain  width  can  transmit  6^ 
horsepower.  How  many  horsepower  can  two  single  belts  of 
the  same  width  transmit,  when  running  under  the  same  con- 
ditions, supposing  that  the  double  belt  is  capable  of  trans- 
mitting  V  ^^  much  powei-  as  one  of  the  single  belts  7 

Ans.  90.3  H.  P. 

(76)  The  lengths  of  belting  required  to  connect  four 
countershafts  with  the  main  line  shaft  were  18  feet  6  inches, 
16  feet  91-  inches,  22  feet  2  inches,  and  20  feet  S^  inches.  How 
many  feet  of  belting  were  required  ?  Ans.  78^  ft, 

(7C)  In  a  steam-engine  test  of  an  hour's  duration,  the 
horsepower  developed  was  found  to  be  as  follows,  at  10- 
minute  intervals:  48.63,  i5.7,  46.32.  47.9,  48.74,  48.38, 
48.59.     What  was  the  average  horsepower  ? 

Ans.  47.75+ H.  P. 
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(CONTINUED.) 


EXAMINATION   O^JESTIONS. 

(77)  What  is  25^  of  8,438  lb!  ?  Ans.  2,107  lb, 

(78)  What  is  M  of  WOO  ?  Ans.  »1 

(79)  What  is  i;(  of  t35,000  ?  Ans.  »175. 

(80)  What  per  cent,  of  60  is  2  ?  Ans.  i^ 

(81)  What  per  cent,  of  10  is  10  ?  Ans.  lOOj*. 
(83)  Solve  the  following: 

{a)  Base  =  »3,523,  and  percentage  =  1176.64.  What '  is 
the  rate  ? 

(*)  Percentage  =  16.96,  and  rate  =  8j<.  What  is  the 
base  7 

(c)  Amount  =316.7026,  and  base  =  213.6.  What  is  the 
rate  ? 

(li)  Difference  =  201.826,  and  base  =  207.    What  is  the 

'  («)-  ^K. 
(S)  213. 
(0  IW- 
id)  2Jj(. 

(83)  The  coal  consumption  of  a  steam  plant  is  6,500  lb. 
per  day  when  the  condenser  is  not  running,  or  an  increase 
of  15^  over  the  consumption  when  the  condenser  is  used. 
How  many  pounds  are  used  per  day  when  the  condenser  is 
running?  Ans.  4,783.611b. 

(84)  An  engineer  receives  a  salary  of  <950.  He  pays  34;t 
of  it  for  board,  12^%  of  it  for  clothing,  and  17j^  of  it  for  other 
expenses.     How  much  does  he  save  a  year?      Ans,  1441.76. 

(86)     If  d^iJi  of  a  number  is  961,38,  what  is  the  number  i 
Ans.  3,663.68. 
For  notice  of  cop^rlgtiC.  we  page  immedUtely  following  ttie  title  page. 
H.  M.     I.~S4 


rate? 

Ans. 
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(86)  A  man  owns  }  of  a  manufacturing  plant.  30;^  of  his 
share  is  worth  11,125.     What  is  the  whole  property  worth  ? 

Ans.  t5,000. 

(87)  What  number  diminished  by  35^  of  itself  equals 
4,810?  Ans.  7,400. 

(88)  The  volume  of  the  clearance  in  a  steam-engine 
cylinder  is  found  to  be  18.3cu.  in.,  and  the  volume  of  the 
cylinder,  neglecting  the  clearance,  254.5  cu.  in.  What  per- 
centage of  the  cylinder  volume  is  the  clearance  ? 

Ans.  7.2jC,  nearly. 

(89)  The  distance  between  two  stations  on  a  certain  rail- 
road is  l(i.5  miles,  which  is  13|]t  of  the  entire  length  of  the 
road.     What  is  the  length  of  the  road  7  Ans.   132  miles. 

(do)  The  speed  of  an  engine  running  unloaded  was  IJji 
greater  than  when  running  loaded.  If  it  made  298  revolu- 
tions per  minute  with  the  load,  what  was  its  speed  running 
unloaded  ?  Ans,  302,47  revolutions  per  minute. 

(91)  Reduce  4  yd.  2  ft.  10  in.  to  inches.  Ans.  178  in. 

(92)  Reduce  3,722  in.  to  higher  denominations. 

Ans.  103  yd.  1  ft.  2  in. 

(93)  How  many  seconds  in  5  weeks  and  3.5  days  ? 

Ans.  3,326,400  sec 

(94)  Reduce  764,325  cu.  in.  to  cu.  yd. 

Ans.  16  cu.  yd.  10  cu.  ft.  549  cU-  in, 

(96)     How  many  gallons  of  water  can  be  put  into  a  tank 

holding  4  bbl.  10  gal.  3  qt.  ?  Ans.  136}  gal. 

(96)  A  carload  of  coal  weighed  16  T.  8  cwt.  75  lb.  How 
many  pounds  did  this  amount  to  ?  Ans.  32,875  lb. 

(97)  Reduce  25,396  lb.  to  higher  denominations. 

Ans.  12  T.  13  cwt.  96  lb. 

(98)  Rjiduce  25,396  pt.  to  higher  denominations. 

Ans.  100  bbl.  34  gal.  2  qt. 

(99)  What  is  the  sum  of  2  yd.  8  ft.  3  in. ;  4  yd.  1  ft.  9  in. ; 
2  ft.  Tin.?  Ans.  8  yd,  7  in. 
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(100)  What  is  the  sum  of  3  gal.  3  qt.  1  pt. ;  0  gal.  1  pt. ; 
i  gal.  8  qt.  5  pt.?  Ans.   16  gal.  -i  qt.  1  pt. 

(101)  From  62  yd.  2  ft.  9  in.  take  116  ft. 

Ans.   14;  yd.  1  ft.  9  in. 

(102)  From  a  barrel  of  machine  oil  is  sold  at  one  time 
XO  gal.  %  qt.  1  pt.,  and  at  another  time  IC  gal.  3  qt.  How 
much  remained  ?  Ans.  i  gal.  1  pt. 

(103)  If  1  iron  rail  is  17  ft.  3  in.  long,  how  long  would 
61  such  rails  be,  if  placed  end  to  end  ?         Ans.  870  ft.  9  in. 

(104)  Multiply  3  qt.  1  pt.  by  4.7.  '  Ans.  32.9  pt. 

(105)  How  many  iron  rails,  each  30  ft.  long,  are  required 
to  lay  a  single  railroad  track  23  miles  long  ? 

Ans.   8,096  rails. 

(106)  A  main  line  shaft  Is  composed  of  four  lengths 
each  16  ft.  5  in.  long,  of  one  piece  14  ft.  8  in.  long,  and  one 
piece  8  ft.  10  in.  long.  There  are  six  hangers  spaced 
equally  distant  apart,  one  being  placed  at  each  extremity  of 
the  shaft  8  in.  from  the  ends.  What  is  the  distance 
between  the  hangers?  Ans.  lli  ft.  9^  in. 

(107)  The  distance  around  a  wheel  is  approximately 
V  times  the  diameter.  If  the  diameter  of  a  fly-wheel  is 
9  ft.  61-  in.,  find  the  distance  around  it.     Ans.  29  ft.  IIJJ  in. 

(108)  If  the  length  of  a  boiler  shell  is  18  ft.  llj  in.,  how 
many  rivets  should  there  be  in  one  of  the  longitudinal 
seams  if  it  is  a  single-riveted  seam,  supposing  the  rivets  to 
have  a  pitch  of  IJ  in.,  and  the  two  end  rivets  to  be  1^  in. 
from  each  end  of  the  boiler  ?  Ans.   181  rivets. 

(109) 

(a)     What  is  the  second  power  of  108  ? 
(*)     What  is  the  third  power  of  181.25  ? 
(c)     What  is  the  fourth  power  of  27.61  ? 

(«)  11,664. 
Ans.  \    {d)  6,964,345.703126. 

(<:)  581,119.73:80041. 
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(110)  Solve  the  following: 

(a)  106';   (*)    (182i)':   (c)  .006';    (rf)  .0063*;   (/)  10.0«'. 
(/)  67.85'|  U)  9«7,M6'i  (*)  (A)';  (')  (i)'- 

(a)    11,236. 

li)    33,169.515625. 

(c)    .000025. 

(</)  .00003969. 

(<■)    101.2036. 

(/)  4,603.6225. 

U)   936,723,944,025. 

.  ('■)  A. 

(111)  Solve  the  following; 

(«)  763';   (i)    987.4";    (f)    .005';    (</)  .4044';    (r)   .0138'; 

(/)  301.011';  (f)  (j)'i  w  my. 

■  (a)   426,957,777. 
(J)    962,074,279.624. 
(c)    .000000125. 
{<£)  .066135317184. 
(<■)    .000002362637. 
(/)  27,273,890.942264331. 

V  (/i)   52.734375 

(112)  What  is  the  fifth  power  of  2  ?  Ans.  32. 

(113)  What  is  the  fourth  power  of  3  ?  Ans.  81. 

(114)  What  is  the  ninth  power  of  7  ?        Ans.  40,353,607. 

(115)  Solve  the  following: 

(«)  1.2'i  («)  ll'l  (0  1';  (rf)  .01';  (e)  .1'. 

1(a)   2.0736. 
(J)    161,051. 
W    1. 
{d)  .00000001. 
(j-)   .00001. 

(116)  In    what     respect    does     evolution     differ    from 
involution  ? 


Ans. 
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(117)  Find  the  square  root  of  the  following: 

(a)  3,486,784.401;  (J)  9,000,099.4009 1  (c)  .001385, 
(<0  10,795.aii  M  73,008.05;  (/)  9;  (f)  .9. 

(«)   1,867.29+. 
(«)   3,000.016. 
M    .035. 
(</)  103.9. 
W    870.!!. 
(/)3. 
.U)  .948+. 

(118)  What  is  the  cuhe  root  of  the  following; 

(»)  .32768?  (*)  74,088!  (c)  92,416?   (rf)  .373248  > 
(rt  1.768.416743  ?  (/)  1,191,016  f     (f )  A  '  W  M ' 

(a)   .689+. 

(*)    48. 

(c)    45.8115+. 

id)  .78. 

(0    18.07. 

(/)  106. 

is)  .«■ 

I.  (*)   .472+. 

(119)  Find  the  cube  root  of  2  to  four  decimal  places. 

Ans.  1.2599 +. 

(120)  Find  the  cube  root  of  3  to  three  decimal  places. 

Ans.  1.442+, 

■  (121)  Solve  the  following: 

(«)  t/123.21 ;  (4)  4/114.921; 

if)  +^502, 681;  (d)  4/.O0O412O9. 

(a)  11.1. 

(i)  1078  + 

M  709. 

[d)  .0803. 
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(132)    Solve  the  following: 

(«)  ^.0065;     (4)  yMi;     (<")  t'8,03(l,0M,037; 
(rf)  +/. 000004096;     (0  vT7. 

1(h)   .186  + 
{«)    •■«+. 
(«)   8,003. 
(if)  .016. 
(r)  2.57+. 

(123)  Extract  the  square  root  of; 

(«)  H«. 

(i)    .3364. 
(')    .1. 
(d)   25.0}. 
(<•)    .OOOJ. 

(124)  Find  the  value  of  jr  in  the  following : 
11.7  :  13::20:4-.  Ans.  i 

(125)  (»)  20+7;10  +  8:;3:*.         a„.  1  («)  2. 

(*)  12':I0O'::4;:r.  "     '  I  (*)  277.7+. 

7 


Ans. 


2.22+. 


(126)    {a) 


21' 


m 


Mf„=T^;W 


24      16'  ^  '  10      100 


45 


(')■- 


(127) 
(128) 
(139) 
(130) 
(131) 
(132) 
(133) 
(134) 


»  :  6  ::  27  :  12.6. 
45  :  60  ::  ^  :  24. 


^  ;  35  :;  4  :  7. 
0  :  .r  ;:  «  :  24. 
+'1,000  :  i'l,331::27:4:. 
64  :  81  ::  21' :  j^". 
7  +  8  :  7  ::  30  :  *. 

If  a  piece  of  2.inch  shafting  3^  ft.   long  weighs 
37.45  lb.,  how  much  would  a  piece  «J  ft.  long  weigh  ? 

Ans.  72.226111 


(a)  x=  12. 
(S)  .r=12. 
.    (c)   .r  =  20. 
(d)  X  =  180. 
(0   .^=40. 
Ans.   lOf 
Ans.  18. 
Ans.  20. 
Ans.  36. 
Ans.  29.7. 
Ans.  23.625. 
Ans.   14. 
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(135)  The  intensity  of  heat  from  a  burning  body  varies 
inversely  as  the  square  of  the  distance  from  it.  If  a  ther- 
mometer held  6  ft.  from  a  stove  rises  24  degrees,  how  many 
degrees  will  it  rise  if  held  12  ft.  from  the  stove  ?      Ans.  6°. 

(136)  If  sound  travels  at  the  rate  of  6,160  ft.  in  S^  sec, 
how  far  does  it  travel  in  1  min.  ?  Ans.   67,200  ft. 

(137)  If  a  railway  train  runs  444  mi.  in  8  hr.  40  min., 
in  what  time  can  it  run  1,060  mi.  at  the  same  rate  of  speed  ? 

Ans.  20  hr.  41.44  min. 

(138)  If  a  pump  discharging  135  gat.  per  minute  fills  a 
tank  in  38  minutes,  how  long  would  it  take  a  pump 
discharging  85  gal.  per  minute  to  fill  it  ?        Ans.   60|4f  min. 

(139)  If  a  quantity  of  babbitt  metal  contains  8  lb.  of 
copper,  8  lb.  of  antimony,  and  80  lb.  of  tin,  how  much  copper 
will  32  lb.  of  the  same  metal  contain  ?  Ans.  2|  lb. 

(140)  The  distances  around  the  drive  wheels  of  two 
locomotives  are  12.56  ft.  and  15.7  ft.,  respectively.  How 
many  times  will  the  larger  turn  while  the  smaller  turns 
520  times  ?  Ans.  416  times. 

(141)  If  a  cistern  28  ft.  long,  12  ft.  wide,  10  ft.  deep 
holds  798  bbl.  of  water,  how  many  barrels  of  water  will  a 
cistern  hold  that  is  20  ft.  long,  17  ft.  wide,  and  6  ft.  deep  ? 

Ans.  484Jbbl. 
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Mensuration  and  Use  of  Letters 
IN  Formulas. 


EXAMINATION  QUESTIONS. 


A=:S  A  =  200 

^  =  10  ;r  =  12 

/=3.5       D=no 

Work  out  the  solutions  to  the  following  formulas,  using 
the  above  values  for  the  letters : 

(142)  C=§^.  Ans.   C  =  8. 

(143)  C  =  47+T+-"-  Ans.   (3=1571. 
(U4)     r  =  "y^yf ■                             Ans.  r  =  187.aC9+. 

Ai-S 

("=>     "  =  ^iB+l.S-  *"'■  "  =  ■*■"'  +■ 

(»«>     •"'^.OmLuU--:')-  Ans.,,  =  6.35+. 

(14J)     /      W(*-D)'  Ans. /=  ia,800. 

<-)  ^-'"-/2'(Tt^-  ^— • 

(U9)     i  =  4/22.  Ans.  i=  7.071+. 

Pot  notlca  of  copyright,  we  pose  fmmediatel/  tollowlDK  the  title  (ako. 

D„.„ab,GoOglc 


MENSURATION. 


(150)    r=,. 


■[■ 


490  + 


(Ain 


A  +  ^(A^-B)' 


(151)  If  one  of  the  angles  formed  by  one  straight  line 
meeting  another  straight  line  equals  162°  3',  what  is  the  other 
angle  equal  to?  Ans.  37"  fi7'. 

(158)     How  many  seconds  are  there  in  140"  17'  lO*  t 

Ans.  505,030'. 

(153)  Write  a  definition  for  a  degree,  as  applied  to  the 
measurement  of  angles. 

(154)  (a)  How  many  degrees  are  there  in  240  minutest 
{i)  How  many  seconds  ?  .        j  {a)  i". 

1  (*)    14,400'. 

(156)  Draw  an  obtuse  angle,  a  right  angle,  and  an  acute 
angle.  State  the  name  of  each  angle  by  using  letters  to 
designate  them. 

(166)  Draw  a  rhombus  and  then  draw  a  rectangle  having 
the  same  area, 

(15?)  Can  a  quadrilateral  be  formed  with  lines  whose 
lengths  are  20  inches,  9  inches,  4  inches,  and  7  inches? 
Give  reasons. 

(158)  A  sheet  of  zinc  measures  llj-  inches  by  2J  feet 
How  many  square  inches  does  it  contain?      Ans.  345  sq.  ia 

(169)  If  the  zinc  in  the  last  example  weighs  5^  pounds, 
what  is  its  weight  per  square  foot?  Ans,  2.19  lb. 

(160)  How  many  boards  16  feet  long  and  5  inches  wide 
would  be  required  to  lay  a  floor  measuring  15  X  84  feet? 

Ans.  54  boards. 

(161)  A  lot  of  land  is  in  the  shape  of  a  trapezoid.  It  is 
16  rods  long,  9  rods  wide  at  the  front,  and  6  rods  wide  at  the 
back.  The  front  and  back  being  parallel,  what  part  of  an 
acre  does  the  lot  contaia?  Ans.  }  of  an  acre 
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(163)     The  accompanying  figure  shows  the  floor  plan  of 


IB 

1 

i 

1  ■•■^ 

Up 

an  electric-light  station.     From  the  dimensions  given,  caU 

culate  the  number  of  square  feet  of  unoccupied  floor  space. 

Ans.  2,069.08  sq.  ft. 

(163)  A  sidewalk  10  feet  wide  extends  around  a  city 
block  628  feet  long  and  363  feet  wide.  Assuming  that  there 
is  no  space  between  the  walk  and  the  buildings,  how  many 
square  yards  does  the  walk  contain?  Ans.  2,000  sq.  yd. 

(164)  How  many  square  yards  of  plastering  will  be  re- 
quired for  the  four  side  vails  of  a  hail  00  feet  long,  60  feet 
wide,  and  20  feet  high,  with  four  doors  5^  X  10  feet  and 
fourteen  windows  5  X  XI  feet?  There  is  a  baseboard  9 
inches  high.  Aqs.  490.73  sq.  yd. 

(165)  A  triangle  has  three  equal  angles  ;  what  is  it  called  ? 

(166)  If  a  triangle  has  two  equal  angles,  what  kind  of  a 
triangle  is  it  ? 

(167)  Can  a  triangle  be  formed  with  three  tines  whose 
lengths  are  12  inches,  7  inches,  and  4  inches  ?  Give  reasons 
for  your  opinion, 
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(168)  (ff)  What  is  the  altitude  of  an  equilateral  triangle 
whose  sides  are  each  6  feet  ?     (d)  What  is  its  area  ? 

J  (a)  5.196  ft. 
^"^  (  (i)  15.586  sq.  ft.* 
(109)     In  a  triangle  ABC,  angle  A  =  33°,  and  ^  =  33°  33' ; 
what  does  angle  C  equal  ?  Ans.  C  =  134°  38'. 

(170)  In  the  figure,  if  A  Z>  =  10 
inches,  AB=2i  inches,  and  B  C  =  13 J 
inches,  how  long  is  D  E,  D  E  being  par-- 
allel  to  B  Ct  Ans.  B £  =  5. 635  in. 

(171)  An  engine  room  is  53  feet 
long  and  39  feet  wide.  How  many  feet 
is  it  from  one  corner  to  a  diagonally  op- 
posite one,  measured  in  a  straight  line? 

■  Ans.  65  ft. 

Pio.1.  ^j^2)     A  ladder  24  feet  long  rests 

against  a  house  with  its  upper  end  8  feet  from  the  ground. 

How  far  on  the  ground  is  the  lower  end  of  the  ladder  from 

the  house  ?  Ans.  32  ft.  7^  +  in. 

(173)  (a)  Show  why  it  is  that  the  area  of  a  triangle 
equals  one-half  the  product  of  the  base  by  the  altitude.  (^) 
Docs  it  make  any  difference  which  side  is  taken  as  the  base  ? 

(174)  (a)  The  area  of  an  isosceles  triangle  is  300  square 
inches.  If  its  altitude  is  20  inches,  how  long  is  its  base  ?  (i) 
What  is  the  length  of  one  of  its  equal  sides  ? 

Ans  \  ^"^  ^  '"■ 
^"^'  I  {*)  23.30  in. 

(175)  In  an  equilateral  heptagon  one  of  the  sides  equals 
8  inches;  what  is  the  length  of  the  perimeter  ?     Ans.  21  in. 

(176)  The  perimeter  of  a  regular  decagon  is  40  inches; 
what  is  the  length  of  the  side  ?  Ans.  4  in. 

(177)  What  is  one  angle  of  a  regular  dodecagon  equal  to  ? 

Ans.  150". 

(178)  The  area  of  a  regular  pentagon  is  43  square  inches. 
If  one  side  is  5  inches  long,  what  is  the  perpendicular  dis- 
tance from  the  center  to  one  side  ?  Ans.  8.44  ia 
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(179)  It  13  required  to  make  a  miter-box,  in  vhich  to  cut 
molding  to  fit  around  an  octagon  post.  At  what  angle  with 
the  side  of  the  box  should  the  saw  run  ?  Ans.  67^° 

(180)  Calculate  the  area   ' 
of  the  irregular  polygon, 
Fig.    3.     The  dimensions 
are  to  be  obtained  by  meas- 
uring.    Ans.  1.78  +  sq.in, 

(181)  An  angle  inscrib- 
ed in  a  circle  intercepts 
one-fourth  the  circumfer- 
ence. How  many  degrees 
are'  there  in  the  angle  ? 

Ans.  45°.  Wo.  & 

(182)  If  the  distance  between  two  opposite  corners  of  a 
hexagonal  nut  is  two  inches,  what  is  the  distance  between 
two  opposite  sides  ?  Ans.  1.73S  +  in. 

(183)  In  the  accompanying  figure,  if 
the  distance  B  /is6  inches  and  /fK  18 
inches,  what  is  the  diameter  of  the  circle  ? 

•  Ans.  19.6  in, 

(184)  In  the  same  figure,  if  the 
diameter  A  B  =  Z%^  feet,  and  the  dis> 
tance  /  B  =  S  feet,  what  is  the  length. 

of  the  chord  //  Kl  Ans.  28  ft. 

(186)     The  trunk  of  a  tree  measures  7.854  feet  around  it; 

what  is  its  diameter  ?  Ans.  %\  ft. 

(186)  How  many  revolutions  will  a  72-inch  locomotive 
driver  make  in  going  one  mile  ?       Ans.  280.112  revolutions. 

(187)  A  pipe  has  an  internal  diameter  of  6.06  inches; 
what  is  the  area  of  a  circle  having  this  diameter  ? 

Ans.  28.8427  sq.  in. 

(188)  The  area  of  a  circle  having  a  diameter  correspond- 
ing to  the  internal  diameter  of  a  certain  pipe  is  113.0976 
square  inches.  What  is  the  outside  diameter,  the  pipe  being 
}  inch  thick  ?  Ans.  13^  inche& 
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(189)  How  long  must  the  arc  of  a  circle  be  to  contain 
13*,  supposing  the  radius  of  the  circle  to  be  6  inches  ? 

Ans.  1.35664  in. 

(190)  Calculate  the  area  of  a  flat  circular  ring  whose  out- 
side diameter  is  33  inches,  and  whose  inside  diameter  is  31 
inches.  Ans.  33.7722  sq.  in. 

(191)  Find  the  area  of  a  segment  of  a  circle  whose  diam- 
eter is  56  inches,  the  height  of  the  segment  being  5  inches. 

Ans.  108.5  sq.  in 

(193)     What  are  the  dimensions  of  the  end  of  the  largest 

square  bar  that  can  be  planed  from  an  iron  bar  3  inches  in 

diameter?  Ans.  1.4113  in.  square. 

(193)  What  is  the  area  of  the  sector  of  a  circle  15  inches 
in  diameter,  the  angle  between  the  two  radii  forming  the 
sector  being  13^"  ?  Ans.  G.1369  sq.  in. 

(194)  (a)  What  would  be  the  length  of  the  side  of  a 
square  metal  plate  having  an  area  of  103.SC91  square  inches  7 
(&)  What  would  be  the  diameter  of  a  round  plate  having 
this  area  ?  {c)  How  much  shorter  is  the  circumference  of 
the  round  plate  than  the  perimeter  of  the  square  plate  ? 

(  {a)  10.1916  in. 
Ans.  j  (<*)  Uiin. 
(  (f)  4.638  in. 

(195)  A  plate  46  inches  long  is  to  be  rolled  into  a  shell; 
what  will  be  the  diameter  of  the  shell  if  fi  inches  are  allowed 
for  lap?  Ans.   13.05  in. 

(196)  What  is  the  convex  area  in  square  feet  of  a  section 
of  a  smokestack  36  inches  in  diameter  and  10^  feet  long  ? 

Ans.  71.4714  sq.  ft 

(197)  Find  the  area  in  square  feet  of  the  entire  surface 
of  a  hexagonal  column  12  feet  long,  each  edge  of  the  ends 
of  the  column  being  4  inches  long  Ans.  24.6774  sq.  fL 

(198)  Find  the  cubical  contents  of  the  above  column  in 
cubic  inches.  Ans.  5,985.9648  cu.  in. 
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(199)  Compute  the  weight  per  foot  of  an  iron  boiler  tube 
4  inches  outside  diameter  and  3. 73  inches  inside  diameter, 
the  weight  of  the  iron  being  taken  at  .28  pound  per  cubic 

•  inch.  Ans,  5^  lb. 

(200)  The  dimensions  of  a  return-tubular  boiler  are  as 
follows :  Diameter,  60  inches ;  length  between  heais,  16  feet ; 
outside  diameter  of  tubes,  3^  inches;  number  of  tubes,  64; 
distance  of  mean  water-line  from  top  of  boiler,  LS  inches. 
(a)  Compute  the  steam  space  of  the  boiler  in  cubic  feet. 
(d)  Determine  the  number  of  gallons  of  water  that  will  be 
required  to  fill  the  boiler  up  to  the  mean  water  level 

(  (ii)  1,846  gal.,  nearly. 
(801)  The  cylinders  of  a  compound  engine  are  19  and 
81  inches  in  diameter,  and  the  stroke  is  84  inches;  if  the  clear- 
ance at  eac/i  end  of  the  small  cylinder  is  14^  of  the  stroke, 
and  in  the  large  cylinder  8;^  of  the  stroke,  {a)  what  is  the 
total  volume  in  cubic  feet  of  the  steam  in  the  small  cylinder 
during  one  stroke  ?  (^)  In  the  large  cylinder  ?  (f)  What 
is  the  ratio  between  the  two  ?  /  (a)  4.480  cu.  ft. 

Ans.  ]  \b)  11.321  cu.  ft. 

(  (<r)    Ratio  =  2  522  :  1. 

(S02)     Find  the  volume  of  a  triangular  pyramid  10  inches 

high;  the  base   is   an   equilateral  triangle,  and   one  edge 

measures  10  inches.  Ans.   144.336  cu.  in. 

(203)  The  slant  height  of  a  square  pyramid  is  25  inches, 
and  one  edge  of  its  base  is  16  inches.  Find  its  altitude  by 
the  principle  of  the  right-angled  triangle.     Ans,  33.6854  in. 

(204)  The  length  of  the  circumference  of  the  base  of  a 
.  cone  is  18.8496  inches,  and  its  slant  height  is  10  inches. 

Find  the  area  of  the  entire  surface  of  the  cone. 

Ans.  122.5224  sq.  in. 

(205)  If  the  altitude  of  the  above  cone  were  9  inches, 
what  would  be  its  volume  ?  Ans.  84,8232  cu.  in. 

(206)  A  square  vat  is  11  feet  deep,  15  feet  square  at  the 
top,  and  12  feet  square  at  the  bottom.  How  many  gallons 
will  it  hold  ?  Ans.  15,058.29  gaL 
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(!307)  How  many  pails  of  water  would  be  required  to  fill 
the  vat,  the  pail  having  the  following  dimensions:  Depth, 
11  inches;  diameter  at  the  top,  12  inches;  diameter  at  the 
bottom,  9  inches  i"  Ans.  3,637.28. 

(208)  Required  the  area  of  the  convex  surface  of  the 
frustum  of  a  hexagonal  pyramid  whose  slant  height  is  32 
inches,  the  perimeter  of  the  lower  base  measuring  48  inches, 
and  of  the  upper  base  36  inches.  Ans.  1,344  sq.  in. 

(209)  It  is  desired  to  find  the  number  of  gallons  that  a 
certain  tank  will  hold.  By  measuring  with  a  tape  measure, 
it  is  found  to  be  190  inches  in  circumference  at  the  bottom 
and  170^  inches  in  circumference  at  the  top.  The  depth  of 
the  tank  is  7  feet,  and  the  thickness  of  the  sides  1^  inches. 
Make  the  calculation  in  round  numbers.  Ans.  861  gal. 

NoTB. — To  obtain,  the  area  of  the  upper  and  lower  bases,  first  find 
the  outside  diameters  and  then  deduct  the  thicliness  of  the  walls,  or 
S  X  li  inches. 

(210)  Find  {a)  the  area  of  the  surface,  and  (6)  the  cubical 
contents  of  a  ball  22^  inches  in  diameter. 

Ans.  \  ^"^  1,590.43*  sq.  in. 
I  (*)  5,964.1313  cu.  in. 

(211)  What  is  the  volume  of  a  ball  whose  surface  has  an 
area  of  201.0624  square  inches?  Ans.  268. 0832  cu.  in. 

(212)  {a)  What  is  the  volume  and  area  of  a  cylindrical 
ring  whose  outside  diameter  is  16  inches  and  inside  diameter 
13  inches?  (d)  It  made  of  cast  iron,  what  is  its  weight? 
Take  the  weight  of  1  cubic  inch  of  cast  iron  as  .261  pound. 

Ans.  Weight  =  21  lb. 

(213)  The  volume  of  a  certain  cylindrical  ring  is  144. 849 
cu.  in.,  its  length  before  bending  (see  line  D  in  Fig.  61, 
Art,  432)  was  20.42  inches;  what  is  the  area  of  its  surface  ? 

Ans.  192.46  sq.  in. 
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EXAMINATION   QUESTIONS, 

(814)     {a)  What  is  a  molecule  ?     (*)  An  atom  ? 
(216)     If  a  body  has  an  average  velocity  of  40  feet  pei 
Kcond,  how  far  will  it  travel  in  14  minutes  ?  Ans.  6^  miles, 

(216)  Show  how  to  represent  a  force  by  a  line, 

(217)  In  Fig.  78,  Art.  491,  let  the  distance  F  c  h&  21*. 
and  F  i  Zi'i  what  weight  will  a  force  of  85  lb.  applied  at 
P  raise  ?  Ans.  510  lb. 

(218)  What  must  be  the  speed  of  the  driver  pulley  in 
order  that  the  driven  may  make  80  R.  P.  M.  and  be  28'  in 
diameter,  the  diameter  of  the  driver  being  21'  } 

Ans.  106J  R.  P.  M. 

(219)  The  number  of  teeth  in  a  spur  gear  is  50  and  the 
pitch  is  lY ;  {a)  what  is  the  pitch  diameter  ?  {i)  What  is  the 
outside  diameter?  »        (  (a)  23.87'. 

'  (  (*)  24.77'. 

(220)  The  driving  gear  has  45  teeth  and  the  driven  180; 
if  the  driver  makes  212  R.  P.  M,,  how  many  will  the  driven 
make  ?  Ans.  53  R.  P.  M. 

(221)  What  pressure  can  be  exerted  by  a  force  of  24  lb, 
on  a  half-inch  screw  which  has  13  threads  per  inch,  the  dis- 
tance from  the  center  of  the  screw  to  the  point  on  the 
handle  where  the  force  is  applied  being  11'  ? 

Ans.  21,563.941b. 

(222)  A  ball  weighing  5  lb.  revolves  in  a  circle  whose 
radius  is  32'  at  the  rate  of  350  R.  P.  M. ;  what  is  the  pull  on 
the  support  caused  by  the  ball  ?  Ans.  555^  lb, 

(223)  A  body  weighing  2  lb.  has  a  velocity  of  600  ft.  pet 
•ec.;  what  is  its  kinetic  energy  ?  Ans.  11,194  ft. -lb. 

For  notice  nf  cnpyriKhi,  see  pnge  ImmediBlely  following  Che  UUn  page. 

H.M.    1.-35 
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(224)  What  should  be  the  width  of  a  double  leather  belt 
to  transmit  150  horsepower,  when  the  belt  has  a  velocity  of 
3,000  feet  per  minute,  and  has  7  feet  of  its  length  in  contact 
with  the  smaller  pulley,  whose  diameter  is  G3'  ?  Give  width 
to  nearest  ^'.  Ans.  29.5'. 

(225)  (a)  What  are  the  three  states  of  matter  ?  (*)  Name 
some  of  the  general  properties  of  matter ;  (r)  some  of  the 
specific  properties. 

(220)  If  a  man  could  run  a  mile  at  the  average  rate  of 
100  yards  in  13  seconds,  how  long  would  it  take  him  ? 

Ans.  3  min.  31.2  sec. 

(227)  What  is  meant  by  "center  of  gravity"? 

(228)  (a)  Why  is  crowning  usually  given  to  the  face  of  a 
pulley  ?     (d)  Why  should  high-speed  pulleys  be  balanced  ? 

(229)  At  what  speed  must  the  engine  run  when  the  di- 
ameter of  the  band-wheel  is  13  feet  and  of  the  main  pulley 
91',  if  the  speed  of  the  main  shaft  is  to  be  108  R.  P.  M.  ? 

Ans.  C3  R.  P.  M. 

(230)  The  pitch  of  a  gear  is  2^',  and  the  number  of  teeth 
is  192;  what  is  the  pitch  diameter  ?  Ans.  152.79'. 

(231)  How  many  revolutions  per  minute  must  the  driv- 
ing gear  make  if  it  has  IS  teeth,  and  the  driven  has  81  teeth 
and  makes  80  R.  P.  M..>  Ans.  3f!0  R:  P.  M. 

(232)  The  nuts  on  a  cylinder  head  are  tightened  by  means 
of  a  wrench  2(i'  long.  The  threads  in  the  nuts  are  8  to  the 
inch,  and  the  efficiency  of  the  screw  is  40^.  What  pressure 
will  the  nut  exert  against  the  head  when  a  force  of  CO  lb.  is 
applied  to  the  end  of  the  wrench  P  Ans.  31,365.7  lb. 

(233)  What  do  you  understand  by  specific  gravity  ? 

(234)  If  the  center  of  gravity  of  a  section  of  an  engine 
fly-wheel  rim  is  C  ft.  1 J  in.  from  the  center  of  the  shaft,  and 
the  weight  of  the  rim  is  13,000  pounds,  what  is  its  kinetic 
energy  when  making  150  R.  P.  M.?     Ans.  1,S83,GC1.7  ft.-lb. 

(235)  What  should  be  the  width  of  a  single  leather  belt 
to  transmit  2J^  horsepower  when  the  belt  has  a  velocity  of 
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S.OOO  feet  per  minute  ?    The  diameter  of  the  smaller  pulley 
is  14',  and  the  belt  has  18'  of  its  length  in  contact  with  it. 

Ans.  IJ', 

(236)  (a)  What  is  meant  by  inertia  ?  {*)  By  weight  ?  (c) 
How  is  weight  measured  ? 

(237)  The  speed  of  a  certain  belt  is  3,000  ft.  per  min. ; 
if  it  drives  a  48'  pulley,  how  long  will  it  take  the  pulley  to 
make  100  revolutions  ?  Ans.  25.13  sec.,  nearly. 

(238)  Find  the  point  of  suspension  of  a  rectangular  cast- 
iron  lever  4  ft.  6  in.  long,  3  in.  deep,  and  |  in.  thick,  having 
weights  47  and  71  pounds  hung  from  each  end,  in  order  that 
there  may  be  equilibrium.  Take  the  weight  of  a  cubic  inch 
of  cast  iron  as  .261  lb.  .         (  Short  arm  =  22.342'. 

'  (  Long  arm  =  31.658'. 

(239)  When  two  pulleys  are  used  to  transmit  power, 
which  is  called  the  driven  and  which  the  driver  ? 

(240)  The  driver  is  2  feet  in  diameter  and  the  driven  32'; 
if  the  driven  makes  63  R.  P.  M,,  how  many  must  the  driver 
make  ?  Ans.  84  R.  P.  M. 

(241)  A  certain  gear  has  a  pitch  of  1^',  and  its  pitch 
diameter  is  11.48';  how  many  teeth  are  in  the  gear  ? 

Ans.  32  teeth. 
(243)  A  fly-ball  governor  is  designed  to  run  at  88  R.  P.  M. 
The  speed  of  the  engine  is  200  R.  P.  M.  The  diameter  of 
the  governor  pulley  is  8';  the  number  of  teeth  in  the  bevel 
gear  which  it  turns,  44,  and  the  number  of  teeth  in  the  other 
bevel  gear,  75;  what  must  be  the  diameter  of  the  pulley  on 
the  crank-shaft  which  drives  the  governor  belt  ?       Ans.  6'. 

(243)  A  bookbinder  has  a  press,  the  screw  of  which  has  4 
threads  to  the  inch.  It  is  worked  by  a  lever  16'  long,  to 
which  is  applied  a  force  of  25  lb. ;  {a)  what  will  be  the  pres- 
sure if  the  loss  by  friction  is  6,000  lb,?  {6)  What  would  be 
the  theoretical  pressure  ?  f^        (  (a)  4,424.8  lb. 

'  1  (*)  9,424.8  1b. 

(244)  A  cubic  foot  of  a  certain  kind  of  wood  weighs  61 
lb. ;  what  is  its  specific  gravity  i  Ans.  .816. 


.dbyGoogle 


530  MECHANICS. 

(345)  The  piston  of  an  engine  weighs  325  lb.,  including 
the  piston  rod ;  what  is  its  kinetic  energy  when  moving  at 
the  rate  of  CGO  ft.  per  mln.?  Ans.  611.4  ft.-lb.,  nearly. 

(246)  What  horsepower  can  be  safely  transmitted  by  a 
gear  whose  pitch  is  1',  a  point  on  the  pitch  circle  having  a 
velocity  of  1,200  ft.  per  min.?  Ans.  13  H.  P. 

(247)  {a)  What  is  motion  ?  (6)  Velocity  ?  (<r)  Rest  ?  (</) 
Can  a  body  be  in  motion  with  respect  to  one  object  and  at 
rest  with  respect  to  another  f     Explain  fully. 

(248)  (a)  What  is  force  ?  {6)  Name  several  kinds  of 
forces. 

(249)  Find  by  measurement  the  center  of  gravity  of  a 
triangle  whose  sides  are  4',  5',  and  6'  long. 

Ans.  Ij^'  from  6'  side, 

(250)  The  driving  pulley  makes  40  R.  P.  M. ;  the  driven 
makes  60  R.  P.  M.,  and  is  36'  in  diameter.  What  is  the 
diameter  of  the  driver  ?  Ans.  54'. 

(251)  The  diameter  of  the  band-wheel  of  an  engine  is  12 
ft. ;  of  the  main  pulley,  8  ft. ;  of  a  driving  pulley  on  the 
main  shaft,  20';  of  the  driven  pulley  on  the  countershaft, 
6';  of  the  driver  on  the  countershaft,  6',  and  of  the  driven 
on  an  emery-wheel  spindle,  4';  if  the  engine  makes  80 
R.  P.  M,,  (a)  what  is  the  speed  of  the  main  shaft?  (*)  Of 
the  countershaft  ?    {c)  Of  the  emery  wheel  ? 

(  {a)  120  R.  P.  M. 

Ans.  j  (l>)  400  R.  P.  M. 

[  {c)  600  R.  P.  M. 

(252)  The  pitch  diameter  of  a  gear  is  34.16';  if  the  pitch 
is  If,  how  many  teeth  has  the  gear  ?  Ans.  78  teeth, 

(253)  In  order  to  raise  a  weight,  a  combination  of  a  fixed 
and  movable  pulley  is  used;  if  a  force  of  225  lb.  be  applied 
to  the  free  end  of  the  rope   what  load  will  it  raise  t 

Ans.  4fi0  lb. 

(254)  If  the  power  moves  through  a  distance  of  5  ft.  6  in. 
while  the  weight  is  moving  6  in.,  (a)  what  is  the  velocity 
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ratio  of  the  machine  ?     (i)  What  weight  would  a  force  of 
6  lb.  applied  to  the  power  arm  raise  ?  .        (  {a)  11. 

■  }  {d)  55  lb. 

(266)  In  the  last  example,  if  the  efficiency  were  65^, 
what  weight  could  the  machine  raise  ?  Ans.  35.75  lb. 

(25(5)  How  many  cubic  inches  of  platinum  will  it  take  to 
weigh  10  lb.?  Ans.  12.86  cu.  in.,  nearly. 

(257)  {a)  For  what  are  belts  used  ?  (*)  What  is  a  single 
belt  ?    {c)  A  double  belt  ? 

(258)  What  horsepower  can  be  safely  transmitted  by  a 
gear  whose  pitch  is  1.67',  pitch  diameter  30',  and  which 
makes  100  revolutions  per  minute  ?  Ans.  19.36  H,  P. 

(269)  {a)  What  is  uniform  motion  ?  {d)  What  is  vari- 
able motion  ?  (c)  If  a  body  moves  10  feet  the  first  second, 
12  feet  the  second  second,  15  feet  the  third  second,  etc.,  is 
its  motion  uniform  or  variable,  and  why  ? 

(260)  What  three  conditions  are  required  to  be  known  in 
order  to  compare  forces  ? 

(261)  A  steel  rod  J'  in  diameter  has  on  one  end  a  cast- 
iron  spherical  ball  5'  in  diameter;  if  the  length  of  the  rod  is 
40'  between  the  ball  and  the  end,  where  is  the  center  of 
gravity  ? 

Suggestion. — First  calculate  the  weights  of  the  ball  and  rod  by  the 
aid  of  the  specilic  gravity  tables. 

Ans.  6.427'  from  the  center  of  the  ball. 

(262)  The  driving  pulley  makes  240  R.  P.  M.,  and  the 
driven  pulley  180  R.  P.  M. ;  if  the  diameter  of  the  driven 
pulley  is  30',  what  is  the  diameter  of  the  driver  i    Ans.  22^'. 

(363)  la  a  train  of  gears  used  to  raise  a  weight  of  6,000 
lb.  in  a  manner  similar  to  that  shown  in  Fig.  83,  Art,  SOO, 
the  diameters  of  the  drivers  and  belt  pulley  are  18',  12', 
15',  and  12',  and  of  the  pinions  and  drum  6',  5',  8',  and  3'; 
what  force  must  be  applied  to  the  belt  to  raise  the  weight, 
if  20j(  of  the  total  force  is  lost  through  friction  ? 

Ans.  138|  lb. 

(264)  The  pitch  diameter  of  a  gear  is  24.16',  and  the 
number  of  teeth  is  38;  what  is  the  pitch  ?  Ans.  1.997'. 
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(265)  It  is  required  to  raise  a  load  of  1,890  lb,  by  means 
of  a  block  and  tackle  which  has  four  fixed  and  four  movable 
pulleys;  what  force  is  required  to  be  applied  to  the  free  end 
of  the  rope  ?  Ans.  2361  'b. 

(266)  In  a  block  and  tackle,  the  theoretical  power  neces- 
sary to  raise  a  weight  of  1,000  lb.  is  50  lb. ;  {a)  what  is  the 
velocity  ratio  ?  (^)  If  the  actual  power  necessary  to  raise 
the  load  is  95  lb.,  what  is  the  efficiency  ?     .        i  {")  20. 

*  *■  I  («)  62.63*. 

(267)  A  piece  of  lead  is  i'  in  diameter  and  10'  long;  how 
much  does  it  weigh  ?  Ans,  12.91  oz, 

(268)  If  the  distance  between  the  centers  of  the  crank- 
shaft and  main  shaft  is  38  ft.,  and  thediameters  of  the  band- 
wheel  and  main  pulley  are  11  ft.  and  7  ft.,  respectively,  what 
must  be  the  length  of  the  main  belt  f  Ans.  105  ft.  3'. 

(2C9)  The  entire  solar  system  is  moving  through  space 
at  the  rate  of  18  miles  per  second ;  {a)  what  is  its  velocity  in 
miles  per  hour  ?     {d)  How  far  will  it  go  in  one  day  ? 

Ans   I  ^"^  64,800  mi.  per  hr. 
■  I  (d)  1,555,200  mi. 

(270)  (fl)  What  is  a  path  of  a  body  ?  {i)  What  line  do 
we  measure  when  we  wish  to  find  the  distance  a  body  has 
traveled. 

(271)  {a)  How  are  forces  measured  ?  (d)  What  kind  of 
an  effect  do  forces  always  tend  to  produce  ? 

(272)  It  is  required  to  raise  a  weight  of  1,500  lb.  by 
means  of  a  lever  like  that  shown  in  Fig.  71,  Art.  484. 
The  length  of  the  lever  is  4  ft.,  and  the  distance  from  the 
fulcrum  to  the  weight  is  4' ;  what  force  will  it  be  necessary 
to  apply  ?  Ans.  136t*i  lb. 

(273)  Had  the  lever  in  the  above  example  been  like  that 
shown  in  Fig.  72,  Art.  484,  what  force  would  have  been 
required  ?  Ans.  126  lb. 

(274)  The  band-wheel  of  an  engine  is  10  feet  in  diameter; 
what  must  be  the  diameter  of  the  pulley  on  the  main  shaft 
in  order  to  make  110  R.  P.  M.,  if  the  band-wheel  makes  88 
R.  P.  M  ?  Ans.  8  ft. 
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(275)  {a)  What  is  a  spur  gear  ?  {d)  A  miter  gear  ?  (c) 
A  bevel  gear  ? 

(376)  The  pitch  diameter  of  a  gear  is  36.fiG'.  and  the 
number  of  teeth  is  42 ;  what  is  the  pitch  ?  Ans.  2, 735'. 

(277)  The  length  of  an  inclined  plane  is  400  feet,  and  the 
height  is  45  feet ;  what  force  acting  parallel  to  the  plane  will 
be  required  to  puU  up  the  plane  a  weight  of  4,000  lb.  ? 

Ans.  450  ib. 

(278)  {a)  What  is  meant  by  the  velocity  ratio  of  a 
machine  ?    (^)  By  the  efficiency  f 

(279)  If  a  coil  of  brass  wire  weighs  10  lb.,  and  the  diam- 
eter of  the  wire  is  -j",',  how  long  is  the  wire  ? 

Ans.  89G  ft.,  nearly. 

(380)     The  diameters  of  two  pulleys  are  14'  and  18',  and 

the  distance  between  their  centers  is  14  feet;  what  must  be 

the  length  of  a  belt  to  drive  these  pulleys  ?     Ans.  33  ft.  4'. 

(281)  A  velocity  of  30  miles  per  hour  corresponds  to  how 
many  feet  per  second  ?  Ans.   44  ft,  per  sec. 

(282)  The  stroke  of  a  steam  engine  is  28',  and  it  makes 
1,500  strc*es  inGminutes;  what  is  the  velocity  of  the  piston 
in  feet  per  second  ?  Ans.  9}^  ft.  per  sec, 

(283)  State  the  three  relations  between  force  and  motion. 

(284)  A  pulley  on  the  main  shaft  is  40'  in  diameter,  and 
makes  130  R.  P.  M. ;  what  must  be  the  diameter  of  a  pulley 
on  the  countershaft  that  is  to  make  160  R,  P.  M.  ? 

Ans.  30'. 

(285)  {a)  Whatisarack?  (<^)  A  worm-wheel?  (r)  A  worm? 
(28G)     {a)  What  distinguishes  the  epicycloidal  teeth  from 

the  involute  teeth?  (A)  Name  two  advantages  which  the 
latter  possess  over  the  former, 

(287)  An  inclined  plane  has  a  length  of  1,200  feet  and  a 
height  of  125  feet.  It  is  required  to  pull  a  load  of  50,000  lb. 
up  this  plane.  A  block  and  tackle  having  G  fixed  and 
6  movable  pulleys  is  stationed  at  the  top  of  the  plane,  and  the 
weight  end  of  the  rope  is  attached  to  the  load.  If  the  rope 
which  connects  the  block  to  the  load  is  parallel  to  the  plane, 
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what  £orce  will  it  be  necessary  to  exert  on  the  free  end  of  the 
rope  to  pull  up  the  load,  no  allowance  being  made  for  friction? 

Ans.  434  lb. 

(288)  {a)  What  do  you  understand  by  centrifugal  force  ? 
(*)  By  centripetal  force  J 

(289)  Define  {a)  work ;  {6)  horsepower ;  (c)  kinetic 
energy;  {d)  potential  energy. 

(290)  Two  pulleys  have  diameters  of  8'  and  ZC;  the  dis- 
tance between  their  centers  being  19  ft.  3',  what  must  be  the 
length  of  a  belt  to  drive  them  ?  Ans.  43  ft.  3i'. 

(391)  Two  bodies  starting  from  the  same  point,  move  in 
opposite  directions,  one  atthe  rate  of  11  feet  per  second,  and 
the  other,  15  miles  per  hour;  (a)  what  will  be  the  distance 
between  them  at  the  end  of  8  minutes ;  (d)  How  long  before 
they  will  be  825  feet  apart  ?  ^^^    (  (a)  3  miles. 

'  (  (6)  25  seconds. 

(292)  A  railroad  train  runs  2  miles  in  2  minutes  and  10 
seconds;  what  is  its  average  velocity  in  feet  per  second  ? 

Ans.  81.23  ft  per  sec. 

(293)  Why  is  it  difficult  to  jump  from  a  rowboat  into  the 
water  ? 

(294)  A  compound  lever,  similar  to  the  one  shown  in 
Fig.  77,  Art  490,  isrequired  to  lift  a  weight  of  1,250  lb. 
The  lengths  of  the  power  arms  P  Fare  30',  20',  10',  and  15', 
of  the  weight  arms  JVF  6',  fi',  4',  and  7';  what  force  will  be 
required?  Ans.   11}  lb. 

(295)  The  driving  pulley  is  20*  in  diameter  and  driven 
16';  if  the  driver  makes  160  R.  P.  M.,  how  many  will  the 
driven  make  ?  Ans.  187*  R.  P.  M. 

(296)  How  is  the  diameter  of  a  gear  measured  ? 

(297)  The  driving  gear  makes  100  and  the  driven,  40 
R.  P.  M, ;  if  the  driven  has  60  teeth,  how  many  has  the 
driver  ?  Ans,  24. 

(298)  The  base  of  an  inclined  plane  is  80  feet  long,  and 
the  height  of  the  plane  is  60  feet ;  what  force  exerted  parallel 
to  the  base  will  raise  a  load  of  750  lb.?  Ans.  468}  lb. 
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(S09)  What  is  the  centrifugal  force  of  the  counterweight 
of  a  steam  engine,  the  counterweight  weighing  128  lb.,  and 
its  center  of  gravity  being  8J'  from  the  center  of  the  shaft  ? 
The  crank  makes  180  R.  P.  M.  Ans.   1.028,16  lb. 

(300)  How  much  work  can  be  done  by  20  cubic  feet  of 
water  falling  from  a  height  of  50  feet  ?     Ans.  62,500  ft. -lb. 

(301)  What  horsepower  can  be  transmitted  by  a  single 
leather  belt  6*  wide,  which  runs  at  the  rate  of  1,960  ft.  per 
min,  ?  The  diameter  of  the  smaller  pulley  is  15'  and  the 
length  of  the  arcof  contact  is  ^1'  ?    Ans.  11.4  H.  P.,  nearly. 

(302)  It  is  required  to  raise  a  weight  of  18,000  lb.  by  means 
of  a  screw  having  3  threads  per  inch;  if  the  length  of  the 
handle  is  15',  and  there  is  a  loss  of  10,000  lb.  due  to  friction, 
etc.,  what  force  will  it  be  necessary  to  apply  to  the  handle  7 

Ans.  99  lb. ,  nearly. 

(303)  The  fly-wheel  of  an  engine  is  9  feet  in  diameter 
(outside);  if  the  fly-wheel  makes  100  R.  P.  M.,  how  many 
miles  will  a  point  on  the  rim  travel  in  1^  hours  ? 

Ans.  40.16^  miles. 

(304)  Suppose  that  an  air  gun  can  throw  a  ball  with  a 
velocity  of  100  feet  per  second,  and  that  a  man  standing  on 
a  railroad  train,  which  is  moving  at  the  rate  of  100  feet  per 
second,  were  to  fire  the  gun  in  a  direction  exactly  opposite 
to  that  in  which  the  train  is  moving,  what  would  become  of 
the  ball  ?    Why  ? 

(305)  If  the  distance  between  the  center  line  of  the  handle 
and  the  axisof  the  drum  shown  in  Fig.  79,  Art.  491,  is  14}', 
and  the  diameter  of  the  drum  is  5',  what  load  will  a  force  of 
30  lb.  exerted  on  the  handle  raise  t  Ans.   174  lb. 

(306)  A  pulley  on  the  main  shaft  is  42'  in  diameter,  and 
makes  108  R,  P.  M. ;  what  will  be  the  speed  oE  the  counter- 
shaft if  the  driven  pulley  is  36'  in  diameter  t 

Ans.  126  R.  P.  M. 

(307)  What  is  (a)  the  pitch  circle  i  [6)  The  pitch  of  a 
gear? 


.dbyGoogle 


.-,:{(;  MECHANICS. 

(:(0K)  The  driving  gear  mates  300  R.  P.  M.,  and  the 
driven  170  R.  P.  M.;  if  the  driver  has  34  teeth,  how  many 
has  the  driven  ?  Ans.  72  teeth. 

(309)  Name  some  particular  use  in  the  engine  room  or 
shop  to  which  you  have  seen  the  inclined  plane  put. 

(.flO)  The  mean  diameter  of  the  rim  of  an  engine  cast- 
iron  fly-wheel  is  9  ft.  loj',  its  width  is  22',  and  its  thickness 
21';  what  is  the  centrifugal  force  when  running  at  210 
R.  P.  M.?  Ans.  397,4501b. 

(311)  Assuming  the  average  pressure  upon  the  piston  of 
a  steam  engine  to  be  41.;!8  pounds  per  square  inch,  what  is 
the  horsepower?  The  diameter  of  the  piston  is  10*;  the 
stroke  IC,  and  the  number  of  strokes  per  minute  450. 

Ans.  S9.001  H.  P.,  nearly. 

(313)  What  horsepower  can  be  transmitted  by  a  20' 
dduble  leather  belt  which  has  a  velocity  of  2,800  ft.  permin.? 
The  diameter  of  the  smaller  pulley  is  4  ft,  and  the  belt  has 
5  ft.  9  in.  of  its  length  in  contact  with  it.      Ans.  99.4  H.  P. 
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(CONTINUED.) 

EXAMINATION   QUESTIONS. 

(813)     State  Pascal's  law. 

(314)  A  cylinder  fitted  with  a  piston  is  used  as  a  lifting 
cylinder  by  passing  a  rope  over  a  pulley  and  fastening  one 
end  to  the  piston  rod.  The  piston  is  moved  by  means  of 
Tater  obtained  from  the  city  reservoir,  and  a  gauge  attached 
to  a  pipe  near  the  cylinder  shows  the  pressure  to  be  90  lb. 
per  sq.  in.  The  diameter  of  the  cylinder  is  lU  in.  and  of  the 
pipe  i  in.  If  friction  be  neglected,  how  great  a  weight  can 
be  raised  ?  Ans.  25,517.C  lb. 

(315)  Give  Mariotte's  law. 

(316)  Wiiat  do  you  understand  by  {a)  the  tensile  strength 
of  a  material  ?  (d)  The  working  stress  ? 

(317)  A  close-link  wrought-iron  chain  is  made  from  f 
iron ;  what  is  the  greatest  safe  load  that  it  will  carry  f 

Ans.   l,G87.5  1b. 

(318)  What  is  the  allowable  working  load  for  a  steel-wire 
rope  5J' in  circumference  ?  Ans,  27,662,5  1b. 

(319)  What  steady  force  is  required  to  shear  a  steel  crank- 
pin  which  is  C  in  diameter  *  Ans.  1,696,464  lb. 

(320)  What  must  be  the  diameter  of  a  wrought-iron  shaft 
to  transmit  40  horsepower  when  running  at  116  revolutions 
per  minute,  no  power  being  taken  off  between  bearings. 
Ans.  2.89".  A  shaft  2[  J'  in  diameter  would  be  used,  that  is, 
3'  round  Iron  turned  down. 

(321)  In  Fig.  104,  An,  562,  suppose  that  the  area  of 
the  piston  c  is  .6  sq.  in. ;  oi  d,  3  sq.  in. ;  oi  e,  6  sq.  in. ;  oi/, 
S  sq.  in. ;  of  a,  14  sq.  in. ,  and  of  A,  9  sq.  in, ;  if  a  force  of 
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24  lb.  be  applied  to  c,  what  must  be  the  forces  applied  to  the 
other  pistons  to  counterbalance  the  force  at  c,  neglecting 
the  weight  of  the  water  and  the  weight  of  the  pistons  ? 

f  At  <  120  lb. 

At.r,  2401b. 

Ans.  .   At/,    80  1b. 

At  a,  560  Ibi 

At  i,  360  lb. 

(322)  The  upper  base  of  a  cylinder  submerged  in  water 
is  40  ft.  below  the  surface.  The  diameter  of  the  cylinder 
is  20  inches,  the  altitude  36  inches,  and  the  bases  are  parallel. 
If  the  bases  are  horizontal,  what  is  (a)  the  upward  pressure 
of  the  water  on  the  cylinder  ?    {d)  The  downward  pressure  I 

Ans  i  t'*)  6,863.39  lb. 
'  1  (6)  6,464.32  lb. 

(323)  (a)  What  is  a  barometer  ?  (*)  What  is  the 
essential  difference  between  a  mercurial  and  an  aneroid 
barometer  ? 

(324)  The  smallest  section  of  a  connecting-rod  is  3.6  sq. 
in. ;  what  is  the  unit  stress  when  subjected  to  a  tensile  stress 
of  12,400  lb.  ?  Ans.  3,643  lb.  per  sq.  in.,  nearly. 

(326)  What  load  may  be  safely  carried  by  a  hemp  rope 
4' in  circumference  ?  Ans.   1,600  lb, 

(326)  What  load  can  be  safely  sustained  by  a  round 
wooden  pillar,  8'  in  diameter  and  10  ft.  long,  having  both 
ends  flat  ?  Ans.  13^  tons. 

(327)  What  force  is  required  to  punch  a  1'  hole  through 
a  wrought-iron  plate  ^'  thick  ?  Ans.  54,978  lb. 

(328)  What  horsepower  will  a  Ij'  wrought-iron  shaft 
transmit  when  running  at  180  revolutions  per  minute,  an 
average  amount  of  power  being  taken  off  between  the 
bearings  ?  Ans.  12.49  H.  P. 

(329)  Does  the  shape  of  the  vessel  have  any  effect  in 
regard  to  the  pressure  exerted  by  a  liquid  upon  its  bottom  ? 

(330)  In  Fig.  Ill,  Art.  576,  suppose  that  the  diameter 
of  the  piston  a  is  2',  and  of  ^  7^';  if  a  weight  of  400  lb.  be 
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(aid  upon  6,  what  weight  must  be  applied  to  a  to  balance  the 
weight  on  6  P  Ans.  28.41  +  lb. 

(331)  A  vessel  contains  42  cu.  ft.  of  coal  gas  having  a 
tension  of  80^  lb.  per  sq.  in. ;  what  will  be  the  new  tension 
when  allowed  to  communicate  with  a  perfectly  empty  vessel 
whose  volume  is  14  cu.  ft.?  Ans.  15.19  lb.  per  sq.  in.,  nearly. 

(332)  What  safe  steady  load  can  be  sustained  by  a  1J-' 
round  wrought-iron  bar,  the  load  producing  a  tensile  stress  ? 

Ans.  21,206.2  lb. 

(333)  What  load  can  a  hemp  rope  C  in  circumference 
carry  with  safety  ?  Ans.  3,600  lb. 

(334)  What  load  will  a  hollow  cast-iron  pillar  support 
with  safety  if  the  pillar  is  20  ft.  long,  outside  diameter  14', 
inside  diameter  11^,  and  both  ends  are  fixed  ? 

Ans.  219.24  tons. 

(335)  What  force  is  required  to  punch  a  hole  1-^'  in 
diameter  through  a  |'  steel  plate  ?  Ans.  212,058  lb. 

(336)  A  vessel  is  filled  with  water  to  the  depth  of  18'; 
if  the  area  of  the  bottom  is  46  sq.  in.,  what  is  the  total 
pressure  on  the  bottom  i  Ans.  29.95  lb. 

(337)  Why  does  water  seek  its  level  ? 

(338)  The  volume  of  steam  in  an  engine  cylinder  is 
S-cu.  ft.  at  cut-off,  and  its  pressure  is  94.7  lb.  per  sq.  in.; 
what  will  be  its  pressure  when  the  volume  has  increased  to 
2J-  cu.  ft.?  Ans.  23.676  lb.  per  sq.  in. 

(339)  A  bar  of  steel  having  a  cross-section  of  IJ'  X  3'  is 
subjected  to  a  tensile  stress;  if  the  stress  is  suddenly 
applied,  what  is  the  greatest  load  that  it  will  safely  carry  ? 

Ans.  31,6001b. 

(340)  A  load  of  2,400  lb.  is  to  be  raised  by  means  of  a 
hemp  rope ;  what  should  be  the  circumference  of  the  rope  ? 

Ans.  4.9'. 

(341)  Regarding  the  piston  rod  of  a  steam  engine  as  a 
pillar  which  has  one  end  flat  and  the  other  round,  what 
should  be  the  greatest  diameter  of  the  piston  if  the  rod  is 
4  ft.  8  in,  long,   3^  in.  in  diameter,  and  the  greatest  steam 
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pressure  is  not  to  exceed  100  lb.  per  sq.  in.?    The  rod  is 
made  of  wrought  iron.  Ans.  25*,  nearly. 

{342)  (<?)  What  is  cold-rolled  shafting  ?  (*)  Bright 
shafting?     (c)  Black  shafting  ? 

(343)  A  tank  contains  cylinder  oil  having  a  specific 
gravity  of  say  .93.  This  tank  is  connected  to  a  four-gallon 
can  by  means  of  a  pipe  whose  internal  diameter  is  f.  If 
the  vertical  distance  between  the  level  of  the  oil  in  the  tank 
and  the  end  of  the  pipe  is  8  ft.  7  in,,  what  is  the  pressure 
per  square  inch  at  the  end  of  the  pipe  I 

Ans.   3.427  lb.  per  sq.  in, 

(344)  In  Fig.  113  (see  examples  following  Art.  S78), 
suppose  that  the  diameter  of  the  plunger  A  is  12',  and  of 
the  plunger  C  of  the  pump  .5 1' ;  if  a  force  of  ICO  lb.  be 
applied  to  C  by  means  of  .the  lever  D,  how  great  a  weight 
can  the  plunger  A  raise  if  the  weight  of  A  is  COO  lb.  ? 

Ans.   58,382.4  lb. 

(345)  The  volume  of  steam  in  an  engine  cylinder  at  the 
beginning  of  compression  is  1.11  cu.  ft.,  and  its  pressure  is 
18  lb.  per  sq.  in.  At  the  end  of  compression  the  volume 
is  ,3  cu,  ft. ;  what  is  the  final  pressure  ? 

Ans.  C6.6  lb.  per  sq.  in. 

(340)     What  should  be  the  least  area  of  one  of  the  14 

wrought-iron   cylinder   head  stud  bolts  if  the  diameter  of 

the  cylinder  is  19',  and  the  greatest  steam  pressure  is  180  lb. 

per  sq.  in.  ?     Assume  that  the  studs  are  subjected  to  shocks. 

Ans.  .729  sq.  in. 

(347)  What  should  be  the  circumference  of  a  hemp  rope 
to  safely  sustain  a  load  of  4,200  lb.?  Ans.  6^'. 

(348)  Regarding  the  connecting-rod  of  a  steam  engine 
as  a  pillar  with  two  round  ends,  what  is  the  greatest  force 
that  may  be  exerted  on  the  cross-head  if  the  connecting-rod 
is  made  of  wrought  iron,  is  10  ft.  lOng,  and  has  a  rectangular 
cross-section  G' by  2J-' ?  Ans,   35,4891b. 

(349)  If  you  were  to  order  some  H^'  bright-turned 
shafting,  what  size  would  you  expect  to  get  ? 
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(850)  A  tank  having  the  shape  of  a  frustum  of  a  cone  is 
filled  with  water.  If  the  diameter  of  the  large  end  is  8  ft., 
of  the  small  end  C  ft.,  and  the  pferpendicular  distance  be- 
tween the  two  ends  is  10',  {a)  what  is  the  pressure  on  the 
bottom  when  the  large  end  is  down  ?  (^)  When  the  small 
end  is  down  ?  »        (  (<?)  2,C18  lb. 

■  )  (*)   1,473  1b.,  nearly. 

(351)  What  is  the  total  pressure  on  all  of  the  six  sides  of 
a  cube  which  has  been  sunk  in  the  water  until  its  top  is 
60  ft.  below  the  surface  ?  One  edge  of  the  cube  measures 
3  ft.,  and  its  upper  base  is  parallel  with  the  water  level. 

Ans.  70,602  1b. 

(352)  A  vessel  contains  25  cu.  ft.  of  air  having  a  pres- 
sure  of  45  lb.  per  sq.  in.  When  allowed  to  communicate 
with  a  second  vessel  which  is  entirely  empty,  the  pressure 
falls  to  15  lb.  per  sq.  in.  What  is  the  volume  of  the  second 
vessel  ?  Ans.  50  cu.  ft. 

(353)  A  steam  cylinder  is  44*  in  diameter  and  sustains  a 
steam  pressure  of  100  lb.  per  sq.  in.  The  diameter  of  the 
cylinder  head  studs  is  If  and  the  area  at  the  bottom  of 
the  thread  is  1.057  sq.  in.  How  many  wrought-iron  studs 
are  required  ?  Assume  that  the  studs  are  subjected  to 
shocks.  Ans.  20  studs. 

(354)  An  iron-wire  rope  4'  in  circumference  is  used  on  a 
crane  for  hoisting  loads;  what  is  the  greatest  load  that  the 
rope  will  sustain  with  safety  ?  Ans.  9,600  lb. 

(355)  A  cast-iron  rectangular  cantilever  beam  having  a 
cross-section  of  1^'  wide  by  2^'  deep  is  4  ft,  8'  long;  how 
great  a  weight  will  the  beam  sustain  at  its  end  ? 

Ans,  201  lb,,  nearly. 

(356)  What  horsepower  will  a  2  ,\'  steel  shaft  transmit,, 
■when  running  at  120  revolutions  per  minute,  pulleys  being 
carried  between  the  bearings  to  distribute  the  power  along 
the  line  ?  Ans.  20.445  H.  P. 

(357)  A  board  8'  X  2i)'  and  1^'  thick  is  so  placed  in  water 
that  its  flat  sides  are  horizontal;  if  the  distance  from  the 
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level  of  the  water  to  the  top  of  the  board  is  5  feet,  what  h 
the  total  upward  pressure  on  the  board  ?    Ans.  355.91  +  lb 

(358)  Will  any  solid  body  whose  specific  gravity  is  greater 
than  that  of  water,  sink  in  it  to  any  depth  ?     Why  t 

(359)  The  volume  of  steam  in  an  engine  cylinder  at  cut- 
off  is  1.6  cu.  ft.,  and  its  pressure  is  90  lb.  per  sq.  in. ;  what 
must  be  its  volume  at  release  when  the  pressure  has  fallen 
to  31  lb.?  Ans.  64^  cu.  ft. 

(360)  What  should  be  the  least  diameter  of  a  wrougbt- 
iron  bolt  that  is  to  resist  a  sudden  pull  of  12,000  lb.  ? 

Ans.  1.74'+. 

(361)  A  steel-wire  rope  is  4i'  in  circumference;  what 
load  will  it  safely  sustain  ?  Ans.  23,663.5  lb. 

(363)  A  white-pine  beam  supported  at  both  ends  has  a 
rectangular  cross-section  8'  wide  by  10'  deep;  if  the  beam 
is  38  ft.  long,  what  total  uniform  load  will  it  support  in 
safety  ?  Ans.  6,857|Ib. 

(363)  What  horsepower  can  a  10'  wrought-iron  crank- 
shaft transmit,  when  running  at  300  revolutions  per  minute  ? 

Ans.  3,857+. 

(364)  A  vertical  cylinder  having  a  diameter  of  30'  and  a 
length  inside  of  36'  is  filled  with  water  ;  a  pipe  having  a 
diameter  of  |'  is  screwed  into  the  upper  bead  and  fitted  with 
a  piston  weighing  10  oz.,  on  which  is  laid  a  weight  of  35  lb. ; 
if  the  end  of  the  pipe  is  10  ft.  above  the  level  of  the  water 
in  the  cylinder,  {a)  what  is  the  pressure  per  square  inch  on 
the  top  of  the  cylinder  ?  {6)  On  the  bottom  ?  {c)  What 
equivalent  weight  laid  on  the  lower  cylinder  head  would 
replace  the  pressure  it  sustains  ?    /  (a)  236.45  lb.  per  sq.  in. 

Ans.  ]  (*)  337.75  lb.  per  sq.  in. 
(  (0  74,691.64  1b. 

(365)  If,  in  the  last  example,  a  hole  one  inch  in  diameter 
is  drilled  through  the  cylinder  wall  midway  of  its  length, 
and  covered  by  a  flat  plate  in  such  a  manner  that  the  water 
can  not  leak  out,  what  would  be  the  pressure  against  the 
plate?  Ans.  186.33  Ih 
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(366)  The  vacuum  gauge  of  a  condensing  engine  indi- 
cates 20'  of  vacuum ;  what  is  the  pressure  in  the  condenser  ? 

Ans.  4.9  lb,  per  sq.  in. 

(367)  The  volume  of  the  receiver  of  an  air  compressor 
is  300  cu.  ft.,  and  the  pressure  of  the  air  which  is  contained 
in  it  is  52  lb.  per  sq,  in. ;  if  120  cu,  ft,  o£  air,  having  a  pres- 
sure of  53  lb.  per  sq.  in.,  are  removed  from  the  receiver, 
what  will  be  the  pressure  of  the  air  which  remains  ? 

Ans,  31.2  lb.  per  sq.  in. 

(368)  What  is  the  greatest  safe  load  that  may  be  applied 
to  a  stud-link  wrought-iron  chain  if  the  diameter  of  the  iron 
from  which  the  link  is  made  is  i'  ?  Ans.  4,500  lb. 

(369)  It  is  desired  to  handle  loads  up  to  14,000  lb.  by 
means  of  an  iron-wire  rope;  what  should  be  its  circum- 
ference ?  Ans.  4.83',  nearly. 

(370)  What  is  the  greatest  load  that  a  bar  of  wrought 
iron  2'  in  diameter  and  6  ft.  long  can  safely  sustain  in  the 
middle  7     The  bar  is  merely  supported  at  its  ends. 

Ans.  480  lb. 

(371)  What  must  be  the  diameter  of  a  cast-iron  crank- 
shaft to  transmit  1,000  horsepower  at  80  revolutions  per 
minute  ?  Ans.  10.4  in. 

(372)  (fl)  What  must  be  the  height  of  the  mercury 
column  to  indicate  a  vacuum  of  12'?     {d)  Of  18'? 

(373)  (a)  What  is  a  stress?  (i)  A  strain?  (c)  A  unit  stress? 

(374)  The  links  in  a  stud-link  wrought-iron  chain  are 
made  from  iron  -fj'  in  diameter;  what  is  the  greatest  safe 
load  that  the  chain  can  handle?  Ans.  11,883  lb, 

(375)  A  steel-wire  rope  is  used  to  haul  loads  up  an  inclined 
plane ;  the  greatest  stress  in  the  rope  is  8,000  lb, ;  what  should 
belts  circumference?  Ans,  2,83'. 

(376)  What  uniform  load  can  be  safely  sustained  by  a 
steel  beam  20  ft.  long,  2'  wide,  and  6'  deep?    Ans.  4,608  lb. 

(377)  A  4'  steel  shaft  is  to  transmit  80  horsepower;  how 
many  revolutions  per  minute  must  it  make  if  used  for  trans- 
mission only  (that  is,  no  power  being  taken  off  at  intermediate 
points)?  Ans.  SIJ  R.  P.  M. 

;/.  M.    1.—36 
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(378)  Define  tension  as  applied  to  gases. 

(379)  {a)  What  is  elasticity?  {ii)  Elastic  limit?  (^r)  What 
is  meant  by  set? 

(380)  What  safe  load  may  be   carried   by   a  close-link 
wrought-iron  chain  whose  links  are  made  from  ^'  iron? 

Ans.  4,687.fi  lb. 

(381)  What  is  the  allowable  working  load  for  an  iron-wire 
rope  6'  in  circumference?  Ans.  21,600  lb. 

(382)  What  force  is  required  to  shear  a  wrought-iron  strip 
4  ft.  long  and  i'  thick?  Ans.  960,000  lb. 

(383)  A  7'  wrought-iron  crank-shaft  is  to  transmit  200 
horsepower;  how  many  revolutions  per  minute  must  it  make? 

Anft.  40.8  rev.,  nearly. 
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EXAMINATION  QUESTIONS. 

(384:)  [a)  What  is  heat  ?  (^)  Suppose  a  closed  vessel  con- 
taining  air  is  placed  in  a  furnace;  describe  the  effect  of  the 
heat  upon  the  molecules  in  the  air.  (c)  If  the  vessel  is  so 
arranged  that  the  air  can  not  escape  or  expand,  will  the 
pressure  of  the  air  increase  as  it  is  heated  ?     (d)  Why  ? 

(385)  (a)  What  is  temperature  ?  (^)  Describe  the 
thermometer,     (c)  Of  what  is  temperature  a  measure  ? 

(38(i)  A  bar  of  iron  weighing  iij  lb.  has  a  temperature  of 
460°.  Does  the  bar  contain  more  or  less  heat  above  33°  than 
10  pounds  of  water  at  a  temperature  of  «0°  ? 

(387)  (a)  What  are  some  of  the  effects  of  heat  ?  (d)  Give 
some  practical  illustrations  of  the  expansion  of  bodies  by 
heat. 

(388)  Define  :—{a)  B.  T.  U.  {6)  Latent  heat,  {c)  Sen- 
sible heat.  ((/)  What  is  meant  by  the  specific  heat  of  a 
substance  ? 

(380)  A  pound  of  ice  at  16°  is  heated  until  it  finally  is 
changed  to  steam  at  atmospheric  pressure,  (a)  Describe 
the  action  of  the  heat  upon  the  ice  and  water,  (i)  How 
many  B.  T.  U.  are  required  for  the  operation  ?  (<■)  What 
part  of  the  heat  applied  is  sensible  heat  ?  ((/)  What  part  is 
latent  heat. 

(300)  (a)  What  is  the  mechanical  equivalent  of  heat  ? 
(*)  Give  examples  of  heat  changed  to  work,  and  vice  versa. 
(t)  How  many  foot-pounds  of  work  are  «equivalent  to 
30^  B.  T.  U.f  Ans.   (r)  23,729  ft. -lb. 

(301)  Assuming  30^  of  the  heat  to  be  utilized,  how  many 
heat  units  per  hour  are  required  to  run  an  engine  developing 
35  horsepower  ?  Ans.  446,373.5  B.  T.  U. 

ri>r  notkc  nr  tho  cnpyrfKht,  see  page  ImmedlBlcly  foIlowinK  the  title  page. 
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(392)  In  a  power  plant,  the  engine  extracts  Sji  of  the 
heat  produced  by  the  combustion  of  coal.  Assuming  that  the 
combustion  of  a  pound  of  the  coal  produces  14,000  B.  T.  U., 
how  many  pounds  of  coal  per  horsepower  per  hour  are  used 
by  the  engine  ?  Ans.  2.27  lb. 

(393)  How  many  B.  T.  U.  are  required  to  raise  the 
temperature  of  224  pounds  of  sulphur  from  44°  to  68°  ? 

Ans.  lOy.iB.  T.  U. 

(394)  {a)  What  is  the  latent  heat  of  fusion  of  ice  ?  (i) 
How  many  B.  T.  U.  are  required  to  melt  a  cake  of  ice 
weighing  11  pounds  and  having  a  temperature  of  17°  ? 

Ans.   (b)  1,6G7.1C  B.  T.  U. 

(395)  How  many  B.  T.  U.  are  required  to  raise  6  pounds 
of  superheated  steam  from  310°  to  342°  ? 

Ans.  92.256  B.  T.  U. 

(396)  A  ball  of  copper  at  305°,  weighing  18  pounds,  and 
an  iron  rod  at  278°,  weighing  13  pounds,  are  plunged  into  a 
bath  of  water  at  56°.  If  the  water  weighs  32  pounds,  what 
will  be  its  final  temperature  ?  Ans.  77.45°. 

(397)  (a)  How  many  B.  T.  U.  are  required  to  change  a 
pound  of  water  at  212°  into  steam  at  atmospheric  pressure  ? 
{d)  How  many  B.  T.  U.  are  required  to  change  8  pounds 
of  water  at  63°  into  steam  at  212°  ? 

Ans.   (*)  8,924.8  B.  T.  U. 

(398)  How  many  B.  T.  U.  are  required  to  change  2.2  lb. 
of  ice  at  23°  into  steam  at  212°  ?  Ans.  2,849.3  B.  T.  U. 

(399)  What  is  (a)  saturated  steam  ?  {6)  superheated 
steam  ?  (c)  In  what  way  does  saturated  steam  differ  from 
a  perfect  gas  ? 

(400)  (a)  Define  the  following:  total  heat;  heat  of  the 
liquid;  latent  heat  of  vaporization.  (^)  How  may  the  heat 
of  the  liquid  be  found  approximately  ? 

(401)  If  the  pressure  of  the  steam  in  a  boiler  is  81  pounds 
per  square  inch  (absolute),  what  is  the  volume  in  cubic  feet 
of  6  pounds  of  the  steam  ?  Ans.  31.'i'79  cu.  ft 
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(402)  If  a  pound  of  steam  occupies  a  volume  of  7  cu.  ft., 
what  is  its  gauge  pressure  ?  Ans.   45.3  lb.  per  sq.  in, 

(403)  How  many  pounds  of  steam  at  78  lb.  pressure 
(absolute)  will  raise  the  temperature  of  350  pounds  of  water 
from  50°  to  135"?  Ans.19.796  lb. 

(404)  What  is  the  volume  of  6^  pounds  of  steam  at  a 
temperature  of  350°?  Ans.  30.041  cu.  ft. 

(405)  {a)  What  is  a  steam  boiler  ?  (*)  What  are  its 
essential  parts  ? 

(406)  Describe  in  your  own  language  the  construction  of 
a  single-ended  Scotch  boiler,  and  state  in  what  respect  it 
differs  from  a  double-ended  Scotch  boiler. 

(407)  What  is  the  object  of  the  diagonal  braces  attached 
to  the  top  and  bottom  of  a  Scotch  boiler  ? 

(408)  Describe  in  your  own  language  the  construction 
and  the  setting  of  a  fire-box  boiler. 

(409)  What  do  you  understand  by  a  (a)  dry  uptake  ?  (d) 
wet  uptake  ?  (c)  dry-bottomed  boiler  ?  (d)  wet-bottomed 
boiler  ? 

(410)  What  is  the  object  of  the  feed-coils  of  a  Roberts 
boiler  ? 

(411)  («)  In  what  respect  do  the  Scotch  boiler  and  the 
fire-box  boilers  chiefly  differ  from  the  water-tube  boilers  ? 
(d)  Give  some  points  for  and  against  water-tube  boilers. 

(412)  What  is  the  object  of  a  donkey  boiler  ? 

(413)  A  strip  of  iron  1'  wide  by  f  thick  cut  from  a  plate 
to  be  used  in  a  marine  boiler,  when  pulled  apart  in  a  testing 
machine,  shows  a  tensile  strength  of  53,000  pounds  per 
square  inch,  and  is  reduced  to  an  area  of .  375  square  inch  at 
the  point  of  fracture.  Would  you  allow  the  plate  to  be 
used  ?     Give  your  reasons. 

(414)  Explain  why  flat  surfaces  of  steam  boilers  subjected 
to  pressure  must  be  braced. 

(+15)  The  sides  of  the  combustion  chamber  of  a  Scotch 
boiler  carrying  150  pounds  gauge  pressure  are  stayed  by 
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steel  staybolts  having  a  pitch  of  7^  inches.     Find  (a)  the 
load  on  each  stay;  (6)  the  diameter  of  each  stay. 

Ans   \  ^"^  7,884375  lb. 
'  (*)  ItV  '"-.  nearly. 
(41C)     The  furnace  sheets  of  a  fire-box  boiler  are  i  inch 
thick.      What  should  be  the  pitch  of  wrought-iron   stay- 
bolts,  provided  the  boiler  is  to  carry  90  pounds  pressure, 
absolute?  Ans.   10  in.,  nearly, 

(417)  What  working  pressure  should  the  boiler  mentioned 
in  the  previous  question  be  allowed  to  carry,  supposing  the 
pitch  of  the  staybolts  to  be  8J  inches  ?  Ans.   106.3  lb. 

(418)  Suppose  on  examination  you  found  the  staybolts 
of  the  boiler  in  question  415  wasted  away  to  §  inch  diam- 
eter.    To  what  should  you  reduce  the  steam  pressure? 

Ans.  68.841b. 

(419)  The  through  stayrods  of  a  boiler  are  made  of  steel 
2|  inches  in  diameter  at  the  thinnest  part,  and  are  spaced 
14J  inches  by  15  inches,  center  to  center.  Assuming  the 
steam  pressure  to  be  170  pounds,  (a)  what  will  be  the  stress 
per  square  inch  of  section  ?  (*)  Would  you  allow  the  stays 
to  be  used  ? 

(420)  In  Fig.  5  is  shown  the  front  head  of  a  boiler  stayed 
by  a  palm  stay.     From  the  dimensions  given,  find  the  stress 


no.  1 


in  the  stay,  assuming  the  steam  pressure  to  be  80  pounds 
and  the  area  supported  by  the  stay  216  square  inches. 

Ans.   17.000  lb. 

(431)     What  is  the  object  of   the  tubes   in  a   fire-tube 

boiler?  ,  ,:, 
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(422)  A  furnace  flue  constructed  of  material  ^  inch  in 
thickness  is  made  up  of  sections  3  feet  3  inches  in  length 
with  flanged  ends  and  strengthening  rings.  The  diameter 
of  the  flue  being  39  inches,  what  should  be  the  working 
pressure  allowed  on  this  flue  ?  Ans.  176.73  lb. 

(423)  A  corrugated  furnace  flue  constructed  of  material 
tV  inch  thick  measures  .38^  inches  over  the  bottom  of  the 
corrugations.     Find  the  working  pressure  allowed. 

Ans.  169.09  lb. 

(424)  What  working  pressure  would  you  allow  on  a  double- 
riveted  bumped  head  bumped  to  a  radius  of  48  inches,  as- 
suming the  tensile  Strength  of  the  material  to  be  52,000 
pounds  and  its  thickness  |  inch  ?  Ans.  270.83  lb. 

(425)  Find  the  safe  working  pressure  on  a  boiler  having 
single-riveted  seams,  the  diameter  of  the  boiler  being  9G 
inches,  the  thickness  of  the  shell  .375  inch,  and  its  tensile 
strength  «5,000  pounds.  Ans.  84.C3  lb. 

(420)  At  what  pressure  would  a  cast-iron  steam  pipe 
burst,  the  diameter  of  the  pipe  being  10  inches,  its  thickness 
J  inch,  and  the  ultimate  tensile  strength  of  the  iron  17,800 
pounds  ?  Aps.  1,780  lb.  per  sq.  in. 

(427)  («)  What  is  the  principle  of  operation  of  a  safety 
valve  ?     (ir)  Name  the  different  types  of  safety  valves, 

(428)  How  may  the  blow-oflf  pressure  be  altered  in  the 
case  of  a  pop  safety  valve  ? 

(429)  What  should  be  the  total  weight  on  a  dead-weight 
safety  valve,  the  valve  opening  being  3^  inches  in  diameter 
and  the  blow-off  pressure  CO  lb.  per  square  inch? 

Ans.  294.52  lb. 

(430)  The  area  of  a  lever  safety  valve  is  10  square  inches. 
The  distance  from  the  valve  stem  to  the  fulcrum  is  4  inches. 
The  distance  from  the  fulcrum  to  the  point  of  suspension 
of  the  weight  is  40  inches.  The  weight  of  the  valve  and 
stem  is  5.54  pounds.  The  lever  is  42  inches  long,  made  of  a 
wrought-iron  bar  1^  inches  by  J  inch.  Take  the  weight  of 
a  cubic  inch  of  wrought  iron  as  .28  pound.     Find  the  weight 
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necessary  to  balance  at  the  following  pressures  :  (a)  65  lb. ; 
(6)  76  lb. ;  (c)  85  lb. ;  {d)  100  lb.  f   (,,)  57.5  jb. 

(4  fl7.5  lb. 

(c)  77.5  lb. 
[  (d)  92.5  lb. 

(431)  (a)  What  is  the  principle  of  operation  of  a  Bour- 
don steam  gauge  ?  {d)  What  is  the  object  of  the  siphon 
used  in  connection  with  a  steam  gauge  '  {c)  Is  there  any 
case  in  which  a  siphon  may  influence  the  indication  of  a 
steam  gauge  ?     If  so,  state  it  and  give  explanation. 

(432)  (a)  Will  a  gauge-cock  attached  directly  to  the 
boiler  always  indicate  the  true  water  level  ?  (^)  Why  are 
glass  water  gauges  often  fitted  to  a  water  column  instead 
of  attaching  them  directly  to  the  boiler  ?  (c)  How  can  you 
find  out  whether  a  glass  water  gauge  is  operating  properly  ? 

(433)  What  is  the  object  of  a  fusible  plug? 

(434)  {a)  What  is  the  bottom  blow-off  cock  used  for  ? 
(d)  What  is  the  surface  blow-off  cock  used  for  ?  (c)  What 
is  a  spanner  guard  ? 

(435)  Why  is  a  manhole  made  elliptical  ? 

(436)  What  is  the  principle  of  operation  of  a  check 
valve  ? 

(437)  {a)  How  may  the  expansion  of  a  steam  pipe  be 
provided  for  ?  (^)  What  materials  are  used  in  the  con- 
struction of  steam  pipes  ? 

(438)  What  is  the  bridge  of  a  furnace  ? 

(439)  Describe  the  construction  and  piping  of  a  super- 
heater. 

(440)  {(j)  What  is  the  object  of  a  steam  drum  ?  (d) 
What  is  the  object  of  a. dry  pipe  ? 

(441)  What  is  the  principle  of  operation  of  a  separator  ? 

(442)  What  is  the  donkey  valve  used  for  ? 

(443)  Why  is  a  baffle  plate  fitted  to  the  furnace  door  ? 

(444)  Is  air  ever  admitted  behind  the  bridge  ? 
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(444a)  A  concaved  head  bumped  to  a  radius  of  43  inches 
is  attached  to  the  shell  of  a  steam  drum  by  a  single  row 
of  rivets.  (rt)  If  the  plate  of  which  the  head  is  con- 
structed'is  1^  of  an  inch  thick  and  has  a  tensile  strength 
of  45,000  pounds,  what  pressure  would  be  allowed  on  the 
head  ?  {/>)  If  the  shell  of  the  drum  is  30  inches  in  diam- 
eter, i"^  of  an  inch  'thick,  and  5((,000  pounds  tensile  strength, 
single  riveted,  what  pressure  would  be  allowed  on  the  drum 
with  the  head  given  above  ?  a  i  {<>)  130.5  lb.  per  sq.  in. 
"^'  l(^)  120.5  ib.  persq.  in. 

(444^)  Calculate  the  load  on  a  palm  stay  7  feet  8  inches 
long  and  attached  to  the  shell  at  a.  point  fi  feet  10  inches 
from  the  head.  The  steam  pressure  is  IfiO  lb.,  and  the  area 
supported  196  sq.  in.  Ans.  35,184.4  Ib. 

(444^)  In  a  double  zigzag-riveted  lap  joint  the  pitch  of 
the  rivets  is  3  inches,  and  the  rivet  diameter  is  J  of  an 
inch.  What  should  t)e  the  distance  between  the  rows  of 
rivets?  Ans.  1.54  in. 

(444i/)  In  the  last  example,  what  should  the  diagonal 
pitch  be  ?  Ans.  2.15  in. 

(444r)  Would  a  double-riveted  lap  joint  be  allowed,  in 
which  the  pitch  of  the  rivets  is  4  inches  and  the  plate  |  of 
an  inch  thick  ? 

(444/)  The  joint  of  an  iron  plate  J  of  an  inch  thick  is 
double  chain-riveted.  How  far  should  the  rows  of  rivets  be 
apart  ?  Ans.  2.376  in. 

(444^)     Given  a  double-riveted  lap  joint  on  a  steel  plate 

■j\  of  an  inch  thick  and  having  \^  of  an  inch  rivets.     What 

should  be  (a)  the  proper  pitch?    (ii)  the  maximum  pitch 

allowable?  .  \  {a)  2.75!>  in. 

i(i)  2.771  in. 
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(CONTINUED.) 

EXAMINATION   QUESTIONS. 

(445)  Describe  the  passage  of  the  feed-water  to  the 
boiler  and  back  to  the  feed  pumps,  when  a  surface  condenser 
is  used. 

(446)  Why  should  a  stop-valve  be  attached  between  the 
boiler  and  each  feed  check-valve  ? 

(447)  How  is  the  amount  of  feed-water  entering  each 
boiler  regulated  ? 

(448)  What  is  the  object  of  a  feed  relief  valve  ? 

(449)  Why  is  the  internal  feed-pipe  sometimes  made 
perforated  ? 

(450)  Why  should  the  feed-water  be  filtered  when  using 
a  surface  condenser  ? 

(451)  Describe  the  operation  of  a  Wass  grease  extractor. 

(452)  What  is  the  object  of  heating  feed-water,  and  how 
may  this  be  done  ? 

(453)  What  do  you  understand  by  the  term  "salt feed"? 

(454)  Describe  the  principle  of  operation  of  a  Baird 
evaporator, 

(455)  Describe  the  principle  of  operation  and  the  object 
of  a  steam  trap. 

(450)     What  do  you  understand  by  -^  saturation  ? 

(457)  A  sample  of  water  boils  at  219.4°  P.,  the  barometer 
standing  at  30.8  in.     Determine  the  saturation.    Ans.   "jV  ■ 

(458)  For  what  is  a  hydrometer  used,  and  how  is  it 
graduated  ? 

(459)  (a)  State  the  influence  of  temperature  of  the  water 
under  test  upon  the  indication  of  the  hydrometer,  (i)  How 
may  it  be  corrected  ? 
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(4C0)  8,50!)  pounds  of  feed-water  enter  a  boiler  every 
hour  at  a  saturation  of  -  -.  How  many  gallons  of  water  must 
be  blown  off  every  hour  to  keep  the  saturation  at  ^  ? 

Ans.  404.76  gallons. 

(461)     How  much  water  at  —  is  evaporated  into  steam  for 

every  pound  of  water  blown  off  at  |r|  ?  Ans.  4|  lb. 


(462)  What  influence  has  the  circulation  of  the  water 
upon  the  efficiency  of  the  boiler  ? 

(403)  Why  is  the  lower  part  of  a  Scotch  boiler  much 
cooler  than  the  upper  part  ? 

(464)  ((t)  Describe  the  operation  of  a  Craig  circulating 
apparatus,  (d)  State  some  other  ways  of  improving  the 
circulation  of  Scotch  boilers. 

(465)  State  how  (a)  natural  draft  and  {/>)  forced  draft 
are  produced. 

(406)  Find  the  maximum  coal  consumption,  under 
natural  draft,  of  a  vessel  making  a  trip  of  2,282  miles  at  a 
speed  of  14  miles  an  hour  and  burning  ordinary  soft  coal. 
The  height  of  stack  is  81  ft.  The  furnaces  are  3  ft.  9  in.  by 
6  ft.     There  are  4  boilers  with  6  furnaces  each. 

Ans.  1,188  tons  640  lb. 

(467)  Describe  Howden's  closed  ash-pit  system,  and  state 
in  what  respect  it  differs  from  an  induced  draft  system. 

(468)  Explain  (fl)  foaming;  (i>)  priming,  (c)  State  the 
dangers  attending  foaming  and  priming. 

(40!*)     Describe  the  three  methods  of  firing. 

(470)  How  may  a  fire  be  (a)  cleaned  ?  (d)  lighted  ? 
{c)  banked  ? 

(471)  Show  how  you  would  arrange  for  the  systematic 
firing  of  two  boilers  with  three  furnaces  each,  performing 
the  operations  in  the  following  order:  (1)  Firing;  (2)  slicing; 
(3)  leveling;  (4)  cleaning  the  grate  from  below.     Make  a 
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rough  sketch  similar  to  Pig.  243,  Art.  S76,  and  number  the 
furnaces. 

(472)  (a)  What  is  combustion  ?  (d)  What  are  the  elements 
which  usually  enter  into  combustion  ? 

(473)  What  is  meant  by  the  expressions  —  element, 
compound,  mixture  ?     Give  examples  of  each. 

(474)  {a)  How  many  B.  T,  U.  are  developed  by  the  per- 
fect combustion  of  a  pound  of  carbon  ?  of  a  pound  of  hydro- 
gen ?  {d)  Give  a  rule  for  computing  the  heat  of  combustion 
of  a  fuel  composed  of  carbon  and  hydrogen. 

(475)  What  is  the  minimum  quantity  of  air,  in  cubic  feet, 
required  for  the  complete  combustion  of  17  pounds  of  a  fuel 
which  has  the  following  chemical  composition:  carbon,  S)4 
parts;  hydrogen,  .5  part;  oxygen  and  ash,  5.5  parts  ? 

Ans.  2,4(i7.7  cu.  ft. 

(476)  How  many  B.  T.  U.  would  be  given  out  by  the 
perfect  combustion  of  a  pound  of  the  fuel  of  question  475  ? 

Ans.   13.940  B.  T.  U. 

(477)  A  pound  of  a  certain  coal  gives  out  13,075  B.  T.  IT. 
How  many  pounds  of  water  would  it  evaporate  from  and 
at  812°  ?  Ans.  14.1C  lb.,  nearly. 

(478)  From  the  atomic  weights  of  the  elements,  find  the 
composition  by  weight  of  the  substances  represented  by  the 
following  symbols:  {a)  H  N  O,;  (*)  N.O,;  (c)  H,  S  O,. 

y  H,  1.59i(. 
(«)  j  N,  22.22^. 

Ans.  (^)  j  ^-  36-«4;^- 
^  M  O,  63.1Cj^. 
(  H,  2.U^. 
(c)  }  S,    30,02^. 
I  O,   58.54^. 
(47!l)     (a)  What  are  the  products  of  combustion  of  carbon 
in  air  ?     (^)  What  is  the  product  if  the  air  supply  is  insuffi- 
cient ?     (c)  How  many  pounds  of  air  are  required  to  burn 
8  pounds  of  carbon  to  C  O  gas  ? 
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(480)  (a)  Why  should  the  temperature  of  the  boiler  fur- 
nace be  kept  as  high  as  possible  ?  (d)  What  causes  the  re- 
duction of  this  temperature?  (r)  What  care  must  be  exercised 
in  burning  bituminous  coals  containing  hydrocarbons  ? 

(431)  Sulphur  is  a  combustible  element  sometimes 
found  in  fuels.  When  burned  with  oxygen,  the  resulting 
product  is  sulphurous  oxide,  S  O,.  Make  a  scheme  for  the 
combustion  of  a  pound  of  sulphur  in  air,  showing  the  quan- 
tity of  air  required  and  the  products  of  combustion.  (A 
similar  scheme  is  shown  for  carbon  and  hydrogen  in  Arts. 
835  and  836.) 

(482)  {a)  What  effects  are  sometimes  produced  when 
rapid  chemical  combination  takes  place  ?  (^)  Explain  the 
action  of  the  atoms  when  hydrogen  and  oxygen  unite  to 
form  water. 

(483)  {a)  What  is  the  cause  of  incrustation  ?  {6)  Describe 
the  action  of  carbonate  of  lime,  sulphate  of  lime,  and  chloride 
of  sodium  in  regard  to  dissolving  in  water. 

(484)  What  danger  may  be  caused  by  incrustation  ? 

(485)  (rt)  State  for  what  reasons  carbonate  of  soda  is 
often  introduced  into  marine  boilers,  (d)  State  whether  the 
formation  of  sulphate  of  lime  scale  can  be  prevented  by  the 
use  of  the  blow-off  cock. 

(48G)  (a)  Why  should  the  surface  blow-off  cock  be  fre- 
quently used  when  the  water  contains  carbonate  of  lime  ? 
{d)  State  the  use  of  zinc  in  marine  boilers. 

(487)  (rt)  Name  the  different  kinds  of  internal  corrosion, 
and  state  where  they  may  be  looked  for.  {d)  State  the 
causes  of  internal  and  external  corrosion  and  how  they  may 
be  prevented. 

(488)  (rt)  Name  the  cause  of  collapse  of  furnaces.  (5) 
Name  the  cause  of  fracturing  of  plates. 

(489)  What  is  the  object  of  a  hydrostatic  test,  and  how 
is  it  applied  ? 

(490)  State  the  precautions  you  would  take  when 
connecting  boilers,  and  give  your  reasons. 
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(491)  What  would  you  do  in  case  the  water  got 
dangerously  low  ? 

(492)  A  water-tube  boiler  is  to  evaporate  6,500  lb.  of 
water  per  hour,  burning  best  anthracite  coal.  If  the  height 
of  the  smokestack  is  6i  ft.,  what  should  be  (a)  the  grate 

'   area  ?     (i)  The  heating  surface  ?    Assume  a  ratio  of  43  :  I. 
Ans   i*'')  49-52  sq.ft. 
"  \  {d)  2,079.84  sq.ft. 

(493)  State  the  causes  of  boiler  explosions 

(494)  Describe  the  construction  of  a  tube  stopper, 

(495)  What  is  the  object  of  a  boiler  trial  ? 

(496)  Describe  the  standard  method  of  starting  and 
stopping  a  boiler  trial. 

(407)  (a)  Describe  the  barrel  calorimeter.  (*)  What  is 
meant  by  the  quality  of  steam  ? 

(498)  In  a  test  with  a  barrel  calorimeter,  the  weight  of 
the  cold  water  was  400  lb.,  and  the  temperature  rose  from 
44"  to  136°.  The  weight  of  the  steam  run  in  was  35.2  lb. 
The  steam  pressure  was  90  lb.  per  sq.  in. ,  gauge.  Find  the 
quality  of  the  steam.  Ans. .  95.08)<. 

(499)  The  following  data  were  observed  during  a  boiler 
trial: 

Duration  of  test 10  hours. 

Average  steam  pressure 64  lb. 

Average  temp,  of  feed-water 132°. 

Coal  burned 12,000  lb. 

Percentage  of  ash 4.81;*. 

Water  fed  to  boiler 114,962.7  lb. 

Quality  of  steam 98!<. 

Work  up  these  data  and  find  the  evaporation  under  actual 
conditions  (a)  per  pound  of  coal ;  ((>)  per  pound  of  combus- 
tible; and  also  the  equivalent  evaporation  (c)  per  pound  of 
coal;  (rf)  per  pound  of  combustible.  (  („)      9.389  1b. 

(d)  9.863  lb. 
(V)  10.463  lb. 
(^)    10.992  1b. 


Ans. 
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Kxpaoder,  "Dudgeon"  r 
BipanslblKly      . 

Biplouons  of  steam  boU. 
Exponent  of  a  number 


Easing  a  valve 
EbullitioD    . 
Edge     .        . 


Elasticity     . 
Et  antic  limit 


Factor.  Prime     .        . 
I'actor.        .        . 

■■     check-valve 
'■     pipe,  Donkey     . 

■'     piping         .        . 
■■     pump,  Conxlruction 
■■     waler  flUer        . 
■■     hsaicr      . 
■'      Making  up  fo 
•■     Measuring  th 
Fiiture.        ,        .        . 
Filling  up    .        .        , 
Filler,  Feed-water      . 
Fire  apparatus  .        . 
■■    Banking  ibe       . 

"    Cleaning  tlie 

'■    Hauling  the 

"    Lighting  the 
Firing  .... 

"       Practical  hints  on 
Fi.ed  pull* y       .        . 

., 

366 

4=8 

4Sr 

40a 
4S6 

4S6 

■83 

Fluel»iler.        .        . 

^. 

•■     Riveted  smoke 

ol. 

•■ 

1« 

Foot-pound 

:i? 

,ab,GoOgIc 


Forced  dra 


Value  of  a  . 

Fraollona,  Addition  of 

Division  of 

"         Unltiplicati. 

"         Reduellon  o 

Rootaof    . 

Subtraelion 

Fractured  piateB 

Friction 

"        Coefficient  of 

"       Laws  of 

"       Table  of  coefHi 


Rttlngfi 
flue 
"    Corrugated 


Gesrleeth,  Epicycloidal 

•■     wheel  calculations 

"     wheels        .        . 

Gooer«1  properiios  of  ma 
Girder  sUy 

., 

„. ; 

Gravity.  Center  of     . 
■■        Determination  o 
Specific 
GreBBo  BKtraotor.  Wass 
Grooving     .        .        . 
GuBet  ita;         .        . 

-" 

tero 

t 

Handhole 
Hardness 
Hard  palci 
Head  (In  h 


lanical  equivalent  < 


Hemispberes,  Magdeburg 
Hemp  ropes 
Heptagon    .        . 
Hero's  foontain  , 
Hexagon     .       ■ 


.dbyGoogle 


I,  Chato-rlvi 
Double-rl^ 
Double-rii 


"      '■  pulley* 

or 

|6 

"      Liiws  .>r  himplB 
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Rules  I 
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VaporiiatioD^  Lates 
Varlabls  velodtj 
Velocity       . 
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Calculatlonl  n 

Dead-weight  aaCety 


Water,  Buoyant  effecta  of 

"* 

'■       Jrert  gauge   . 

4r> 

t«7 

y.1 

■•       level        .       ■. 
"       tube  boiler.  The  Al 
■'    Ro 

berta 

■lis 

Avoirdnpoia. 
-       Chemical  conil>Inatlon  by 
•■       Ueaanrvof    .        .        . 

63 
fa 

Wh    1  "d«1  '       '       ' 

Wheel  work 

z 

z. 

.... 

,ab,GoOgIc 


ijGoogIc 


,ab,GoOgIc 


